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The penis begins in the pars bulbi region in the form o 


carries a large ischiocavernosus muscle 
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4 


f 


I 


two bilateral crura. Each crus 


as a sheath. The two unite just in front of the pubic 


symphysis to form the corpus penis. The corpus cavernosum penis is a laterally compressed 


body which shows a deep ventral groove completely filled 


. , , 
corpus cavernosum is made up of a trabecular framework 


corpus spongiosum is enclosed in a much thinner fi 


























the corpus spongiosum. The 


snclosed in a fibrous tunic. The 


ule and fills the ventral groove 








completely. The tissue of the spongiosum within the capsule and surrounding the urethra is 
erectile in nature. The penile urethra runs in the middle of the spongiosum. In the glans 
symmetrically to the right of the os peni nd oper bout 5 mm. from tl 
end of the glans (Figs. 1, 2A 
[ypical measurements o penis are: | of the } ire, 251 
length of the glans penis, 12 m1 transverse ¢ et tl i 
tral diameter of the glans penis, 7 mn r of the ba 
The glans per Fig. 2A, B; Pl. I, iowe is cylind I 
tape t the distal end. The dorsal p is slightly conv n tal Th 
i list bulge ventrally about 7 mm. fro he te1 é he g 
front of the preputial | ( mented all around es of transverse fissi 
re Ip and nged egularly. The globular | the glans narro t t 
tened po the terminal end. From the summit « he bulge, midventrally, arise ty 
prominent elevated folds of skin supported by a dens« f elastic fibrous tissue, the 
p of folds hich pass forward distally and me round the tip. Terminally the edg 
these two folds are bent outwards forming an ope ip. The ir p of folds fo 
bord in open ventral gros leading fro 1e te I ype ip, ob] 
right, to té nate in fro the opening < he uretl I t mit of tl g 
is ther p folds, the outer p each f which runs obliquel 
t the tip of the glar » meet the side f the Phe 10 I 
ehall n whic thy nin | P fo) j yd ge half of tl 
f pported by the up imb of the | ilu 
The | lum (Fig. 2C, D, E) isar 1 abo ength, fi 
: It is concave on the dorsal side 1 co ent e curvature g 
fre ul thi base to tl 11s emit ( Z rt} 
f é The left limb of the fork is sh inde le | has a dist 
eras e the right limb is fi licht ynger, sharpl 
tip al s directed dorsal It supports ed pro t skin fe g 
bound of the ops ent groovy The ureth ins Hi t ly t 
opens on the right side of the baculum about 5 m he t nal end 
Giant Malabar squirrel, R fa indica Schr The dis it 
of this form have been discussed at length by Wrought« 1911, 1920 t0 
Kloos (1918). The description of the genital t t is fr } i i 
mature i the height of sexual acti 
] Pl. 1, upy ight). In the seuxal ture ad t te 1 
8 hai Ss tu roje ing D i I ging ul pul y 
testis reaches ize of I8x1 10 m in lengt y nd dep : 
The testis is orr f i vO pairs of promins lox essels arising f the do 
ventral ace hich r »Hlique and cross « I id On tl ] 
nu ‘ rs ‘ es whict u lor ve I ] nt 
str The epididym nd vas deferens have the same dis] 1s in the p 
I Pl. I, up; right, lower rig rhe pro é les posite t! t 
squirr It consis ) vo bilaterally s met t ear of wh 
is easil emovat 4 Wing t! lobe t se] Vent tr obes are cor 
posterio nd gently sloy the sides f g st i ssion fo é 
ureth I gland meas ISx8x5 in cepha id ength. breadth, a lept 
espective 
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’ \ 
16 mm. in transverse diameter. A long coiled duct arises from the ventrolateral side of each | TI 
gland and enters the bulb from the dorsolateral side. In the sexu ully active males the gland | 19 
and its ducts are filled with secretion which, in the preser\ terial, appears in the forr 
of brownish, semi-hardened pliable wax 
nile duct (Fig. 3; Pl. I, lower right). As the two Cowper’s ducts enter At 
» to give rise to two glandular expansions, the bulbar glands. In th 
ulb the two bulbar glands are separate, but half way down th init 
to gi single gl 1 which continues through the corpus spongiosun 8 giand I 
ct, tl duct. The } le duct rut ntral to the uretl in the corpus gvios 
und uni it just pro il to the ventral flexu Ther no intermed poucl 
the bulbar gland. In this res} t resembles t} - yn in the chipmunk, 7 
Mos n et 1932 
Per P]. I, upper right, lower right). It is about 119 mm. long from the regi 
ulb to the tip of the glans. The general disposition and structure is the sa 
lm squirrel 
, | mea ents of the penis are: Lengtl he | c the bulb t e, 75 
length of the penis f1 flexure to the tip usive of the } 
length of the gl penis with the hook, 38 m1 gth « he hook, 13 mm.; do 
iameter of the gl penis, 10 mm.; transver ! glans penis, 10 
eng he t ulu 17 1 
The glans penis (Fig. 4A, B, C; Pl. I, uppe I | I ilg 
he distal end of which arises a sh nar! | é nec I 
r} é is succeeded | hool bro t the | I tl 1 g 
dist ‘ ounded Che hook is directed ventral It is orr ented | ’ 
of sn protuberances, pointed and bony in nature. The body of the hook is support 
the distal prolongation of the main shaft of the baculum. The opening of the urethra 
fn fae nsvel slit placed vent to the raised projection forming th 
‘he | he glans penis is sculptured by 22 folds of it iter skin. These arise from the 
median line and run outwards. Ventral! e 
lds placed opposite to each othe The fi end . 
nd are confined to the lateral porti The las 
few folds near the preputi | base are similar] I 
lhe rest of the folds, in between, arise from the pblique a 
towards the ventral side. The thirteenth set « vh 
the other entire throughout their leng rh 











A 5A ‘ 5B aie 5C 
= ol 
Fic. 5.—Diagrams of cross sections of the prostatic portion of the urethra and colliculus 8 
seminalis of: A. The palm squirrel; B. Ground squirrel (Cite tridecemlineatu 7 S 
C. Malabar squirrel. Abbreviations: dd, ductus deferens; dp, ductus prostaticus; dvs 
ductus vesicula seminalis; u, urethra; up, utriculus prostaticu d 
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SUMMARY Ki 


tal tracts of the palm squirrel, Funambulus palmarum palmarun 


the giant Malabar squirrel, Ratufa indica maxima Schreb., ar 





The genital tract of the palm squirrel shows the following characters: The 
prostate a compound tubular gland lying completely outside the urethra 
The sem vesicles are large branching tubular glands. The Cowper’s glands 
are minute and are in the form of patches of glandular tissue on either side of 
the urethra completely enclosed in the musculature of the bulb. Their ducts 


unite and open into the urethra within the bulb. Bulbar gland and penile du 


are not present. Of the genital ducts, the vas deferens opens independently int 


the uretl the prostatic duct and the duct of the seminal vesicles unite a 
hav ommon entry into the urethra. The utriculus prostaticus is a long 


bular gland pening into the urethra. The glans penis is provided with two pairs ~ 


ol prominent folds, an outer and an inner pair arising from the summit of 


I g 
tral bulge. The inner pair of folds forms a terminal open lip. There is an op 
ventral groove leading from the terminal open lip to the opening of the ureth: 
The baculum is a flattened rod with a terminally forked tip 
The genital traet of the giant Malabar squirrel is of the typical sciurid ty] 
he | ar gland has no intermediate pouch. Ther a long glandula 
du opel nto the urethra just behind the ventral flexure. The three ger 
ducts unite 1 open into the urethra by a common opening 
Cher mificant differences between tl genita uct of the p im s 
and t! of the Indian ground squirrel described by Siddiqi, both belongi W 
the same genus Funambulus. In view of these differences it is felt that the ps 
squirrel F. p. palmarum should be shifted from its presen position, or its re 
tionshiy the other members of the genus redefined in the light of the presse 
finding 
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ANTLERS IN FEMALE DEER, WITH A REPORT OF THREE CASES 
IN ODOCOILEUS | 





By GEorGE B. WISLOCKI h 


| 
} } 1] } | ~ 4 +} : . f 4] , 
Female aeer usually Go not dear antiers, excepting tne members of the genus 
» , , 
Rangifer (re ndeer and caribou) in which the females normally possess ant ers 
, , , : . ‘ . 
although their head furnishings are smaller than those of the males. H 
some species of deer occasional does are encountered that have antlers. Ant ) 
| } ‘ 
nearing lemales e relatively common in tl European roe de Cap 
capreolus) and red deer (C‘ elaphus), as well as in the whiteta 
d mu de ( the Nort Am«¢ genus Od These cene 
. Re ng vhict e tem r normanuly poss s antiers peiong n ( 
met LTT Cel id whereas l T siome QD aes cordir u : g 
I I Si 
1200 1007) ant ddd eal = 
‘ hd a i€ eq] GOeCS a 1 f ol f ead ( 
Antlered does of the ge! Cap 0 usually bear small. poorly d 
irregular ‘‘freak’”’ antlers which remain for the most part permanent 
velvet without being shed. Rérig (1899, 1907) assembled and classifi 
the cases reported in the literature and pointed out correlatio ( 
them and the state of the reproductive tract. According to him, antl 
are divisible into groups th reproductive tract nowing no re 4 
+] ] ] ler ) : ] ‘ } 
pathology and seemingly norma! 2) diseased r atrophic ovaries, | 
nkno usa tic s) ovar , nh is th senesce 
tes true hermaphrodites und (5) rudiment es cated abdo 
ind having ) recog ble ovarian compo ) dohermaphrod 
conditio i the reproductive ti { 1 groul } 1aphrodit of t 
Cap istrated Figure 1, the diagran et onst1 
aa cited | Ré1 o, Ke of the gros nd reported RO gap 
hee erified microscopic ¢ H ffered the 
yrmat hat ti elative d deg ) ) tv of tl 
direct ! ed to the degree of the a reprod 
the relative a ) of testicular tissue « ‘hus, do 
I r r ‘ degre¢ tf antile orm I S 
1e! ny ve tec ey ed gre ter ‘ t } ( ' 
O tes diments (pseudohermap! lite i creates legres 
ntie aeveiopm Me ver, in the itt grout ( imais g ] 
} id iy ‘ ’ } } T 
( CCA sheddin und rene g ( n S 
f ( I 10 hermapl I I ed irred 
ere said alwavs to possess ce vhict se whe tl 
] } 4 + 
were permanently retained. Rérig also reported the occurrence in tw 
( elapl of pseudohermaphrod h | deformed | 
Of the true hermaphrodites the majorit ert I hermaphrod 
testis } idimé it Oo the ielt side ¢ the l ind a ovary O ee 
’ 
side Pset iohermaphrodites pearing ves l S f ) \ vere MOI 
than true hermaphrodites. With the excepti pseudohe uphrod Rorig 
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deer, Cowan (1936, 1946) assumed that the last one, which behaved as a male, 
must be a hermaphrodite, and that the hormone secreted by the testes had 
induced the changes noted, including the development of antlers of the male 
type. He asserted also that the most frequent type of antlered doe is one in 
which perfect antlers of the normal type are developed and that animals of 
this kind are infertile. 

In addition to these five does, Cowan (1946) described an antlered, female 
mule deer killed on June 12th that possessed a single spike antler on the left 
side. Despite the fact that it had only one antler, he interpreted the presence of 
a well-developed corona as an indication that the antler was of the normal mak 
type and would have matured in due course and would have shed the velvet 
The reproductive tract, ovaries and mammary gland were reported as being 
normal in every respect, including the presence of twin fawns in the uterus. Of 
this animal Cowan remarked that it is the first case which he had encountered 
of a sexually normal doe with a “male type” antler. He found the condition of 


this anima! difficult to reconcile with his previous assumptions 


MATERIAL 


In view of the above considerations it has been of interest to learn something 
of three additional, antlered, whitetail does (Odocoileus virginianus borealis 
The antlers and reproductive tracts of two of these deer were presented to us 
through the generosity and interest of Mr. James R. Reilly, Game Patholo 
gist in the Conservation Department of the State of New York. The first was 

Fic. 1.—Examples of the reproductive tracts of antlered does of the European roe-dee1 
Capreolus capreolus) reconstructed from cases collected by Rérig (1907). A, B and C: true 
lateral hermaphrodites. D: true hermaphrodite with ovotestes. E and F: pseudo-hermaphro 
dites. Abbreviations: R., right; L., left; Clit., clitoris; C., cervix; Epy., epididymis; Hy 
hymen; Ov., ovary; Phal., phallus; 8.V., seminal vesicles; Test., testis; Ur., urethra; U.G 
Urogenital canal; Ut., uterus; V., vagina; V.D., vas deferens 

A. Case 26 (loc. cit., p. 28). True testis and epididymis without spermatozoa, which were 
larger than the normal-sized ovary. The short left uterine horn ended blindly. Running the 


length of the uterus from testis to vagina there was a vas deferens which terminated blin 
- 
r 


External genitalia normal. The antlers, covered by velvet, were 4 cm. high. B. Case 2 


i ot 
cit., p. 28). Normal ovary on right; degenerated testis and epididymis present on left side 
Enlarged clitoris. Lactating mammary glands. Possessed spike antlers in velvet. The antlers 
were subsequently shed at an abnormal time, but were again renewed and remained in the 
velvet. Animal became pregnant and gave birth to a fawn. C. Case 30 (loc. cit., p. 29). Ovar 

and uterine horn on right; small testis and epididymis on left. Mammary glands well de 

veloped. Accompanied by fawn. No remarks about antlers. D. Case 37 (loc. cit., p. 34). On 
each side, a well-developed ovary in close proximity to a testis—devoid of spermatozoa 
Epididymis not mentioned. No vas deferens. Tubes and uterus normal. External genitalia 
exhibited ihe rudiment of a penis. Possessed normal forked antlers each bearing three points 
which had shed their velvet (loc. cit., Fig. 15). E. Case 20 (loc. cit., p. 30). Bilateral ab 
dominal testis and epididymis, associated with vasa deferentiae and a bicornuate uterus the 
horns of which ended blindly. Distinct seminal vesicles. Antlers, 17 cm. high, each bearing 
three points and devoid of velvet. F. Case 23 (loc. cit., p. 31). Right testis located in groin; 
vas deferens extending towards uterus and ending blindly. Left testis rudimentary. Rud 


mentary bicornuate uterus. A rudimentary penis. Branched antlers covered by velvet 
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killed by an automobile in Chautauqua County, N. Y. on November 11, 


The frontal portion of the skull carrying one antler in vel 
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vet, the reproductive 


tract, the pituitary gland and the udder were placed in 10 per cent formalin on 


November 28th 


The second doe was shot on November 22, 1951 in Albany County, 


Its skull plate carrying an abnormal 


the udder were immediately placed in 10 per cent formalin 


The third doe, killed on July 8 in a highway a 


terest ol M 


was brought to my attention through the i 


antler in velvet, the 


cident 


r L I 


al g 


). KF 


, 
lands 


Pathologist in the Department of Conservation of the State of Michiga 


doe was described by the conservation officer who made the collection 


irregular antlers which were in the velvet: on 





four inches long 


as hay 
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end 
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was not pregni the time of death, but milk was present in the 
ovari vhicl ( removed and placed in 10 per cent formalin, 
mitted n ) 

OBS! \ rio 

The t! ao Wy ) ; I ! 1 Spl 
the I ihis sp Q « lol omple covered 
appe é At bot c if un 
devoi yp ped ( Y) On t opposite side o 
bo esp al! ) ! M } re cCcoul 
aust r ‘ ( rd a ’ Y ( 

rl eprod mal, Inter 
wa { l everthel y { 1A uteri 
fallop Lhe ( no « ! of m orgal | 
were i 5 8) } i ne e! S 
ray T Ly r t rigt Pr ) TY ros 
lable ( ( rl trom ulte ium 
mal r { ‘ recog ‘ , the o 
wh ( nit { mo Che pi 
W ( tl » ore d nad It w 
ho l tro] no secondar 
Or ed to } corpu 
St l f \ l ( int el a 
\ st rht o It w reported that t 
udder tal time of death, a find co 
micro pic examunatio the org 

I} 9 rT ! ) rn co ru 
( ero ad pa ( 

T} i do OV-51-3 ) led ovemb¢ 
ri¢i na O f i ible a Is ) { rter subsid 
DO om ( rregu osseou yrowu the [rontai Dol 

i | j <eqd mM ( I i | spi f 


} 


an 
Lt) 


She 


Michigan 
‘ay, Game 
The 


In 


























female, whitetail deer 


Uprer: Abnormal antler development in 


LowEeR: A histological section of one of the ovaries of an antlered, whitetail doe, showing 
rege, p tle-stained regressing corpus luteum and a secondary follicle. The ovaries of this 


ippeared to be normal and functionally active. X 20 
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( s reported tl the spike antlers were shed and re 
( 10.50 
does re] | here, add he previous ones, make 13 in all, six 
| I ai | eve oO hich had vel] developed 
I | e of the animals with malformed 
( eC! I ( Dp ( bearing young. Of the seven 
O rn ) othing vas recorded about 
( | ( 1 to have manifested male 
‘ I ere » to determine whethe1 
either ps idohermaphrodites 
( o ( ( Capreolus. With this 
ther antlered does of 
| e the ole ¢ dence that 
i capable of bearing 
} er or } male 
I le ed from the 
\\ 43: Wislocl Aub 
\\ \\ Y; ) ‘ ( spol 
( D he maturation 
een show! 
( ( ! early 1} 
rs reg ting the growth of 
( other deer. Ih 
! nie | t some one 
( estosterone in the 
im horn e, is suggested 
939; Green, Burn ind Thomp 
lof te androgenic effect 
( ed rat Similarly, 
) produce a indrogenic 
2 ii ats 
ne Sp ( everal speculations 
| )} earing ovotestes or rudi 
o| epted iggering the hy 
sequ vy bringing about the 
| nh ¢ ! hn tissue alone appears to be 
( ! ned the ( et. one would have te 
I re 7 the ¢« tries. Growth of small, 
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( ( normal does, by administer 
n ( tosterone Wislock Aub and Waldo, 1947 
‘ | peri | ed a ers, became pregnant on two 
+} ) hould be oted that the ovaries of rats, mice 
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Nov. 
and other mammals, including the human, are capable of producing androgens 
Cow 
cf. Chester Jones, 1952). In mice, for example, the ovaries of aging virgins 
specifically the corpora lutea in their transitorily active stage at proestrous and — 
during the first pregnancy, produce an andromimetic steroid substance capable Drx¢ 
ol inhibiting the x-zone of the adrenals Chester Jones, loc. cit In view of thes GRE 
findings it may be no mere coincidence that a number of the antlered does bear js 
ing functional ovaries had apparently been through a pregnancy, during whicl ; 
an andromimetic steroid or progesterone may have triggered the hypophysis | Jacz 
as a result of which antlers had grown. But, since the existence of the corpus 
iuteum of pregnancy is temporary the release ol androgenic hormone must have , 
he relatively brief with the result that, as in castrated males, the antler _ 
never subsequently matured or shed then elvet 
\t present these tentative speculations are all that we can suggest to explai ROR 
the growth of antlers u does It is hoped that the review of the literature 
the ccount ol the antlered does presented here \ stimulate others | report E 
SET‘ 
more Cast vith particular reference to the condition of the reproduct 
Ta 
SUMMAI 
Wal 
With the exception of reindeer, female deer do not possess tlers. H 
i ers occur sporadically in other genel especially in C apreo and Ode Wis 
In the former the size and condition of the genet abnormal antiers | 4 
correlated to some degree with the condition of the reproductive tract. the larg Wis 
i! on Wring 1 aoes hich ire eltne true hermaphrodites ( pseud 
hermaphrodit nd e intertil 
In Odocoil the reproductive tracts of antlered does | e not be L 
examined, | the prese! papel the reproductive organs three a ere , 
ire dese} ( | o of these does with complete rm ipper oO ( ( 
wtat r udders seem to have bee fertile and apat tf bhearn or \ vy \ 
though tne ovaries oOo the third dor vere atropl microscopic ex 
reveaied ¢ idence of pre ous ovarial wetiViItV and the idde1 contamed 
These findings indicate that this anima too, Was tertile al a had Dot! it 
Che antlers of these otherwise seemingiy norma! temaies were sma LD n 
ind probab permanently in velvet without being shed. The endocrine iu 
tion < witier growthn 1s briefly discussed with reference to antiered doe if 
need tor further examination of the reproduct e orgal ol antiered oes Is 
emphasized 
LITERATURE CITED 
BERR J 193 \ hor 1 blacktail doe wi J Man IR IN 
( J.D. 187 rt} elope and dee No Ame Hu nd Houg 
ridg 
( Kc. I 1049 rhe use of corpora lu or d ng ovulation it 
lations 1 he fertili of white-tail des Cornell Veterinarian, 39: 282 
CHESTER JO 1952. The disappearance of the X zone of the mouse adre 
url st pregnam Proc. Roval So 139: 398-41 














Nov., 1954 WISLOCKI—ANTLERS IN FEMALE DEER 495 


Cowan, I. McT. 1936. Distribution and variation in deer (genus Odocoileus) of the 
Pacific coastal region of North America. Calif. Fish and Game, 22: 155-246. 

——-. 1946. Antlered doe mule deer. Canadian Field-Naturalist, 60: 11-12. 

Drxon, J. S. 1927. Horned does. Jour. Mamm., 8: 289-291. 

Greene, R. R., M. W. Burritt anp A.C. Ivy. 1939. Progesterone is androgenic. Endo- 
crinology, 24: 351-357. 

Greene, R. R., M. W. Burritt anp D. M. Tompson. 1940. Further studies on the 
androgenicety of progesterone. Endocrinology, 27: 469-472. 

JaczEwski1, Z. 1952. Effect of unilateral castration on antler growth in roe deer 
Capreolus capreolus) and common stag (Cervus elaphus). Fragmenta faunistica 
musei Zoologici polonice, Warzawa. 6 199-207. 

Roéric, A. 1899. Welche Beziehungen bestehen zwischen den Reproduktionsorganen der 
Cerviden und der Geweihbildung derselben? Arch. f. Entwickelungsmech., Vol 
VIII, 382-425 


Rénic, A. 1907. Gestaltende Correlationen zwischen 





1ormer Kérperkonstitution der 
Cerviden und Geweihbildung derselben. (Mit Taf. I-V) Arch. f. Entwickelungs 


mech., Vol. X XIII: 1-150 





Seton, E. T. 1909. Life-histories of northern animals, I. Charles Scribner’s Sons, New 
York Cit; 

TANDLER, J. aND §S. Grosz. 1913. Die biologischen Grundlagen der sekundaren 
Geschlechtscharaktere, Berlir 

Watpo, C. M. ano G. B. Wistockr. 1951. Observations on the shedding of the antlers of 
Virginia deer (Odocoileus virginianus borealis Am. J. Anat., 88: 351-396 

Wistocx:, G. B. 194: Studies on growth of deer antlers. Essays in Biology, in honor 
of Herbert M. Evans. University of California Press, 631-653. 

Wistocki, G. B., J. C. Aus anp C. M. Watp« 1947. The effects of gonadectomy and 
the administration of testosterone propionate on the growth of antlers in male 
and female deer. Endocrinology, 40: 202-224 

D ent of Ar i, Harvard Medical Sch B n, Massachusetts. Received October 





496 JOURNAL OF MAMMALOGY Vol. 35, No. 4 


AGE CRITERIA IN MINK, MUSTELA VISON 
By R. R. LEcHLEITNER 


The desirability of a reliable means of determining the age composition of 
the harvest of game animals has been indicated by Leopold (1936), and em- 
phasized for furbearers by Yeager (1950), and by Elder (1951). This study was 
undertaken to investigate certain characters available from the carcasses of 
mink (Mustela vison, Schreber), in order to determine their value as criteria for 
aging. A series of 370 carcasses of ranch mink of known age was collected and 
studied. This series consisted of 100 young males, 70 adult males, 100 young 
females, and 100 adult females. The following characters were investigated: 
skinned carcass weight, total length, baculum weight and morphology, femur 


L 


length and morphology, twenty skull measurements characterizing various as- 
pects of cranial development, and the general morphology of the skull 
A sample of 280 carcasses of wild mink was collected from trappers through- 


out the western portion of Montana during the 1951 trapping season. Wher 
practical, the characters described above were studied on these animals and an 


attempt made to compare them with those from the ranch animals. The wild 
mink were all collected within the reported distributional area of Mustela 
energueme? Hollister, 1913). The sample consisted of 164 or 58.5 per ce 


males, and 116 or 41.5 per cent females. These figures indicate a significant 


divergence from the hypothetical 50-50 sex ratio 


Weights and total lengths of skinned carcasses.—The weights and lengths taken pr 
be entirely unreliable as age criteria with the ranch animals. The weights and lengths of th 
males and females tend to be distributed in the same manner, although they are in genera 


smaller for the females. There was only one case of overlap between the weights of the 


males and females. The lengths of ten males and ten females showed overlap 
The wild mink were preserved in formalin when received and thus no comparison could 


be made between the skinned carcass weights of these animals and those of th 


Bacu The baculum has been used with members of the family Mustelidae as an age 
criterion. Wright (1947, 1950) found that there was no overlap in the weights of bacula from 
juvenile and adult long-tailed weasels (Mustela frenata), and, using known age animals 
showed that conformation of the baculum alone was a reliable meansof separating immature 
and mature animals. The changes in conformation were shown to be regulated by the male 
sex hormone and to occur at the time of increased flow of the hormone at sexual maturity 
Elder (1951) has adequately described the morphology of the baculum of the mink and some 
of the changes which occurred with age from a sample of 242 bacula from ranch animals of 
known age. The sample of bacula in this study does not reveal any differences in morphology 
from that described by Elder. The 170 bacula from the ranch mink lend further support to 
Elder’s findings that the bacula from adult animals can be separated from those of the 
young of the year by means of conformation alone. In the older group the bones are mor 
massive, the shaft more heavy, and the proximal end developed to a greater extent, being 
more elongated and rugose. The bacula from all adult ranch mink studied have a distinct 
ridge formed at the point of attachment of the corpus cavernosum. This ridge is lacking on 
the bacula from the young animals and its presence or absence appears to be a definite 


criterion for separating the bacula of immature animals from those of animals which have 
reached sexual maturity 
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Not 
the dog Sisson and Grossman, 1940 The head, trochanteric foss two trochanter! ) 
esses, the lateral and medial condyles, the condylar fossa, the sesamoid bones a1 he TaB 
facets are all relativel vel] cle veloped in t he temur ol the mink The crest of the si S 5 
poorly developed or absent and the nutritive foramen is small. Although all of the irs 
have the epiphyseal groove closed it is found that the femurs are of two types regat Ss 
sex. These two t pes diffe from each other b the deve lopme nt of a smal! latera r 
on the dis end just proximal to the large lateral condvle and the facet of the Was 
sesamoid bone. On many of the femurs from young ranch animals the bone at the epiy St Old 
closure has a spong ppearancs All of the femurs from the old ranch animals | } Yor 
bone this area more dense and smooth. It appearsthat with advancing age there is Ol 
en of the bone in this re o become more dense and at the same time there s l Yo 
conical elevation ir e origin of the gastrocnemius muscle. This elevation is desig ay 
in this paper as the te sup sesamoid tubercle. Plate 1 shows the distal « S 41 
femurs fror iunch mu oO now ig hich illustrate the presence and absence a 
tubercle. The fe he left is fro oung m ranch mink and the one on the rig 
fron I lult male ranct ! Note the lack of con elevation on the late l 
proximal t he rge condyles and the porosi f the bone in this area on the fe . 
eft, whereas on the femur on the right the bone of this area is more dense and smo 
Cie l¢ oni el tlio is tormes tul 
ible shows the incidence of occurrence of tl s tubercle for each se ind age \\ 
the ranch animals of known age. if the presence of this tubercle is used as a means of +} 
Ing the animals into groups representative of age it is found that two old males are an 
s young oung males are classified correctly, two young females are classified +} 
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TABLE 1.—Status of the lateral supra-sesamoid tubercle on femurs from ranch and wild mink 






































Status of the Lateral Supra-Sesamoid Tuber 
Age and Sex 
Total ) No. witho 
1) 0 At) 
5 51 2 
2 31 
44 44 0 
RA 4 SS) 
A 99 ) 
90 23 67 
baculum confor tior 
r ult female re ( ed corr H ‘ irs been collected even greate 
ty might have been found between the age grout he presence ¢ -™ f tite 
= Geen Os +} ] : Is apt n morpholog h thase fro 
the ranch animals nd like the latt . ffering as stat fo } incl 
anir by the preser a ee ‘ esamoid tut le. The status of 
this tubercle he us age grou licated in Tab From 
nit eater ¢} . . , h lack the } | me 
Is less tl . ; , = ‘ lu 
] I ce l tl ng Y x er 
he ung ag I ¢ i By uu ;, 
ay rell le, figures of 84 or 78 1 P 0 2? ner cer ] ne 
By the femu nformat tl g 82 76 pe eI oung 2¢ 2 I 
yt ne } 
S there was no reliable ms 2 . } s for se] ng the fe 7 
r grouDs the femurs fro . " nr mn the tal one g ip If 
sumed that the statu the late ] DI f ercle t used to indicate 
tl ge composition of the females ou I i 82 5 pe ( It the 
te e older than one year, and 6 75 pe el é unger than o1 ear. These 
fig io not differ significant] s det I t hi squat etl re) hose ot 
fo ne males | eit he culu ) Ir! the 
letermine if ther ar rences in the femurs « he re groups that might be 
eveale ra series 0 murs I mals repre ng ter ym eacl 
Be nd age rayed. These plates reve: o noticeable diff I n the 
bones of the ccordingly are not presented her 
Sh of skulls from ranch mink there are n« 
It appears t k, as in the sl t l 5 Hi 
st< Dea suture eal I e, ¢ uding t 
closur ige during the p season. None of 
tooth wear or the presence of dental caris thougl 
4 ears of age. The rugosity of the brain case and the d 





consistent difference between t 


he Lge classes and here appears to be ho way these 

characters can be used to separate the young from the mature animals 
As in the ranch mink there are no instances of open sutures on the skulls of wild mink 
collected during the fall trapping season. A skull from a mink found freshly killed at Bow 
man Lake in Glacier National Park on August 18, 1952, has the sutures between the two 


nasals, between the nasals and the maxillaries, between the nasals and the frontals, and 
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between the frontals and the maxillaries still open; nevertheless, all of the permanent 
dentition is in place. 

Contrary to the findings for the ranch animals, tooth attrition is evident on many of the 
skulls from wild mink. An attempt to classify Mustela erminea into age groups by means 
of tooth wear has been made by Strogonoff (1937), and it appeared that this criterion should 
be studied with the mink. Each skull was examined to determine the amount of wear on 
the upper carnassial teeth. The degree of wear was objectively indicated as none, slight, 
medium, or heavy. The carnassial teeth were used because they show little damage, whereas, 
the incisors, canines, and other premolars are often broken or missing, probably as a result 
of the animals fighting the traps. The skulls were classified as from young or old mink by 
means of baculum conformation and the results showed that tooth wear is not a reliable 
means of distinguishing the age classes of wild mink in this sample. 

The twenty measurements indicated in Table 2 were taken on each of the skulls. The ac- 
curacy of the measurements were determined from repeated measurements of the same 
character on a series of skulls. None of the measurements could be considered more ac- 
curate than is indicated in Table 2. 

Measurement number 2, the length along the midline, is the same as that taken by Wright 
(1953) on the marten, and in that animal is the greatest length of the skull. In the mink this 
measurement is consistently smaller than the condylobasal length, which is the greatest 
length of the skull. 

Measurement number 17, the calvarion-opisthion, as used here is a modified version of 
that proposed by Paramonov (1937), who states that the point calvarion should lie ‘‘on the 
anterior anatomical limit of the fossa cerebralis at the corresponding point of the sutura 
sagittalis.’’ The point calvarion as used here is represented by the central point on a line 
drawn at right angles to the long axis of the skull and bridging the postorbital constriction. 

Measurement number 19, the length of the sagittal crest, has been proposed by Marshall 
(1951) to distinguish immature from mature marten. The development of the crest in the 


TABLE 2.—Skull measurements used in an analysis of possible age criteria in mink 
Accurate to 


Measurement io Tienent Reference 

1. Condylobasal length 1 mm Hall, 1951 

2. Length along the midline 5 mm Wright, 1953 

3. Basal length 1mm Hall, 1946 

4. Palatal length 1mm Hall, 1946 

5. Length of auditory bullae 5 mm Hall, 1946 

6. Zygomatic breadth 1 mm Hall, 1946 

7. Mastoid breadth 1 mm Hall, 1946 

8. Rostral breath 1mm Grinnell et al., 1937 
9. Interorbital breadth 1 mm Hall, 1951 

10. Breadth of the postorbital processes 1 mm Grinnell et al., 1937 
11. Breadth of the postorbital constriction 1 mm Hollister, 1913 

2. Breadth of the tooth row 1mm Paramonov, 1937 
13. Height of the skull at the bullae 1mm Hall, 1951 
14. Length of the upper molar 1mm Grinnell et al., 1937 
15. Length of the tooth row 5 mm — 

16. Height of the skull posterior to the upper 

molar 1mm Hall, 1951 

17. Calvarion-opisthion 5 mm Paramonov, 1937 
18. Senectoorbitale-opisthion 5 mm Paramonov, 1937 
19. Length of the sagital crest.................. 2 mm Marshall, 1951 


20. Staphylion-postdentale 5 mm Paramonov, 1937 
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mink differs somewhat from its development in the marten (Marshall, 1951), and the stoat 
Deansely, 1937). The two parietal ridges do not meet posteriorly to form a sagittal ridge, 
but meet at some intermediate point before they do in the posterior region. Growth of this 
single ridge formed by the fusion occurs both posteriorly and anteriorly from this point. 
Thus the mink may have a sagittal crest formed on the frontals or anterior portion of the 
parietals, but this single ridge may open posteriorly to form two ridges. In this study any 
mink skull on which these double ridges fused anywhere along their length to form a distinct 
sagittal ridge was considered to have a sagittal crest, and the length of the crest was meas- 
ured from the most anterior point of this fusion to the lambdoidal ridge 

The mean, standard deviation, standard error and the coefficient of variation were cal- 
culated for each of the twenty measurements, using standard statistical formulae (Snedecor, 
1937). The results of these calculations appear in tabular form in the complete thesis on file 
at the library of Montana State University, Missoula, Montana. 

With the skulls from ranch mink only six of the twenty measurements indicate a sig- 
nificant difference at the 5 per cent level of confidence as the means + two standard errors 


io not overlap. These six measurements include: the zygomatic breadth, the breadth of the 
I 7 


postorbital processes, the breadth of the postorbital constriction, the 


the sencetoorbitale-opisthion (only in females), and the length of the sagittal crest. All of 


salvarion-opisthion, 





the measurements exhibit overlap between the means + one standard deviation for the 
uge groups, indicating that age cannot be distinguished in 66 per cent of the cases by using 
any of these characters alone 

Nine of the twenty measurements taken on the skulls of the male wild mink classified as 
from young or old animals by conformation of the baculum show a significant difference 
between the means of the age classes. These nine measurements include: the zygomatic 
breadth, mastoid breadth, rostral breadth, interorbital breadth, the breadth of the post- 


rbital processes, the breadth of the postorbital constriction, the breadth of the tooth rows, 





the posterior border of the upper molar, and the length of the sagittal crest. 
4s in the ranch mink, all of the measurements taken on the skulls of the male wild mink 
exhibit overlap between the means + two standard deviations for the age classes. 

The sagittal crest is well developed in the ranch mink, especially the males. All of the 
} 


» ranch mink have a distinct sagittal crest. The females appear in general 





skulls from m 





levelop the crest at a later date and it does not reach the proportionin females that it 
joes in many males. The skulls from young ranch females show that 54 of 100 do not possess 
i crest, while it is present on the skulls of all adult females. 

The sagittal crest is less well developed on the skulls of male wild mink than it is on the 
skulls of male ranch mink. Eleven of the skulls from male wild mink classed as young animals 
lo not possess a sagittal crest, whereas, it is present on the skulls of all ranch males. The 
crest is not present on 29 of 86 skulls from wild female mink. 


his sample that any mink which does not have a sagittal crest May be 


va ) ifS ifOU 
I a) } 1 





considered 


as less than one year of age. If a sagittal crest is present the animal may be in 
] 
1 


either age class, an 


the measurement of the crest does not furnish a means of distinguishing 


Because the breadth of the postorbital processes appeared to be increasing at the time 
the breadth of the postorbital constriction was decreasing, the difference between these 


measurements for each skull was investigated as a means of separating the age classes. This 
g 4 





method did not give a separation at the level of confidence desired. 

Jurgerson (1933) and Paramonov (1937) expressed the opinion that because of the findings 
of Hensel (1881) skull measurements should be converted to a percentage of the overall 
length of the skull if they are to be used as age criteria. The reliability of this method was 


investigated with the measurements taken. All measurements were converted to a per- 
centage of the condylobasal length for a series of ten animals within each age and sex group. 
There were considerable overlaps between the age groups with these converted measure- 
ments and the investigation was carried no further. 

Although none of the skull measurements when considered alone had shown use as an 
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age criterion, the possibility that some of these measurements in combination may have 
such a use was investigated. A system was set up whereby each skull was considered in- 
dividually with reference to the following measurements: the zygomatic breadth, the 
breadth of the postorbital processes, the breadth of the postorbital constriction, the length 
of the sagittal crest, the calvarion-opisthion, and the difference between the breadths of 
the postorbital constriction and the postorbital processes. If a particular skull measurement 
was found to lie within the range of overlap for the means + two standard deviations for 
the measurement for the age classes, the animal was considered according to this measure- 
ment to have the possibility of being either young or old. If the measurement was found to 
lie outside this overlap, the animal was classified as young or old. This system showed some 
improvement over using the measurements separately, but it was still impossible to classify 
many of the skulls. After this system was tried on small groups representing each sex and 


age class it was dropped 


SUMMARY 


A series of 370 carcasses of ranch mink of known age was studied to deter- 
mine if there were any characters that would distinguish the age classes. The 
following characters were studied: skinned carcass weight, total length, baculum 
weight and morphology, femur length and morphology, twenty skull measure- 
ments characterizing various aspects ol cranial deve lopment, and the general 
morphology of the skull 

A sample of 280 carcasses of wild mink, consisting of 164 males and 116 fe 
males was studied and where practical compared with the ranch mink for thes 
characters 

Only the baculum morphology is reliable in all cases for determining ag 
classes 

The baculum weights appear reliable for age determination in 66 per cent of 
the cases but not for 95 per cent ol the case 


The femurs of th 


mink are of two types which differ by the presence or ab- 


sence of a small process, the lateral supra-sesamoid tubercle. This tubercle oc- 


curs most often on the femurs from the old ranch animals and appears to git 
a fairly reliable means of distinguishing the age classes 
Using the baculum conformation method of age class determination for th 


males and the femur conformation method for the females, there are 28.5 adult 


males for every 100 young males, and 32.8 adult females for every 100 young 
females in the sample of wild animals. This indicates that the age classes in the 
two sexes may be represented in approximately equal numbers. 

The skull measurements are unreliable either individually or in combinations 
for distinguishing the age classes in even 66 per cent of the cases. The deve lop- 
ment of the sagittal crest in the mink differs somewhat from the reported de- 
velopment of this crest in the marten and the weasel. No instances of open su- 
tures, dental attrition or dental caries were found on the skulls of the ranch 
mink. The skulls of the wild mink are quite similar to those of the ranch mink, 
but do show dental attrition. The degrees of attrition were objectively measured 
and found to have no use as an age criterion 

It is recommended that the femurs be included when saving materials from 


mink carcasses for age composition studies. A comparison should be made be- 
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tween the age classes of the males as determined by the conformation of the 
femurs and the age classes of the males as determined by the conformation of 
the bacula. In this way the reliability of the femur conformation as an age cri- 
terion may be more definitely established 
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RED FOX WEIGHTS AND REPRODUCTION IN 
TIPPECANOE COUNTY, INDIANA 


By Rocer A. HorrMaN AND CHARLES M. KIRKPATRICK 


A seasonal habit characteristic of red foxes—that of sleeping or bedding in 
the open during daylight hours, particularly in sunny stubble, weeds or briar 
patches—makes the species unusually vulnerable to hunters from December to 
March in Indiana. Various fox hunting methods take advantage of this habit, 
and as a result of fox drives, tracking on newly-fallen snow, and the use of air- 
planes in spotting foxes for ground parties, heavy kills are made during Decem- 
ber, January, and February. As shown by statewide county fox bounty records 
for the period 1875-1948 (Haller, 1950) the monthly total of foxes bountied in 
Indiana was greatest for May (accounted for by pups taken at dens) followed 
by January, December, and February in that order. These winter months prob- 
ably encompass the main period of estrus or breeding in the latitude of Tippe- 
canoe County. For Indiana, Lyon (1936) states that ‘‘mating occurs in late 
winter” and for Boone County, Iowa, Scott (1943) gives the estrus period as 
sometime during late December and early January 

During the winter of 1947-48 it occurred to one of us (CMK) that consid- 
erable data on body and organ weights and reproduction in Indiana foxes were 
available almost daily from local bounty stations. At that time little was known 
about reproduction in wild foxes, as noted by Sheldon (1949), or about weights 
Since it was felt that any considerable series of reliable observations would add 
to the knowledge of this important and widely distributed species, arrange- 
ments were made to examine whatever foxes were presented for bounty in Tip- 
pecanoe County during the winter months of 1947-48 and early 1949. This 
report considers only the red fox (Vulpes fulva 

Materials and methods.—A total of 52 male and 52 female red foxes was ex- 
amined. For various reasons not all foxes bountied were handled so the data 
presented here are from only a sample of the total kill during the period 

The entire carcass was weighed to the nearest five grams on a direct reading 
dial type platform scale with a capacity of 4500 grams. Specimens in excess of 
this capacity were weighed on a straight spring balance to the nearest quartet 
of a pound and the avoirdupois weight was converted to the metric for com- 
puting the averages. The body weights were taken without allowing for fresh or 
frozen condition, loss of blood, burrs in coat, stomach contents, etc. 

The adrenal and thyroid glands and ovaries were weighed to the nearest milli- 
gram and the testes to the nearest tenth of a gram. The testes from suitable 
specimens were studied microscopically to determine the stage of spermato- 
genesis. 

The uteri of the females were examined and gross observations on breeding 


condition were made including counts of uterine enlargements and fetuses. Dur- 
ing February of each year some of the fetuses were removed for crown-rump 
measurements. 
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TABLE 1.—Body and organ weights in grams of Indiana red fozes in winter 








Males Females 
Number Range Mage a: Std Number Range Mone ae Std. 
Body 47 3980-6090 5253 + 77.6 52 3360-5680 4213 + 73.6 
Gonad 23 2.9-15.5 8.62 + .542 17 .315-2.430 1.165 + .159 
Adrenal 20 .273-1.455 .577 + .057 16 .270-.600 447 + .019 





Thyroid 20 .162-.620 .413 + .050 14 .154-.510 .351 + .002 
During the second winter no organ weights were taken but observations on 
reproduction in the females were continued. 
A statistical analysis was made of all series of weights with arithmetic means 
and standard errors computed for each variable. Coefficients of correlation were 
computed for all the weight interrelationships. 


RESULTS AND DISCUSSION 


Weights——A summary of the body and organ weights is given in Table 1. 
For comparison with other published figures, the mean body weights and ranges 
are converted here to avoirdupois. Thus the mean body weight of males was 
11.57 pounds with a range of 8.4-13.4 pounds. For females the mean body 
weight was 9.28 pounds with a range of 7.4-12.5 pounds. Lyon (1936) gives the 
weights as 8-15 pounds and Hamilton (1943) as 8-12 pounds. Most authors are 

agreement that on the average females are slightly smaller than males. The 
stomach contents of 13 foxes averaged 102 grams (3.6 oz.). Little or no visceral 
fat was noted in animals autopsied 

Thirty-one of the 52 females weighed were pregnant as shown by uterine 
en] long. In some cases these 
iterine young and their enveloping membranes and fluids undoubtedly added 


argements or the presence of fetuses up to 55 mm. 


measureably to the total weight of the vixens. A case in point is the heaviest 
female (No. 62) bearing 13 fetuses which were far from full term. Presumably 
the large number of young contributed to this animal’s outstanding weight of 
12.5 pounds and the total weight of female and unborn litter would have in- 
reased markedly as fetal growth continued to term. According to Sheldon 
1949) fox pups at birth average about 100 grams. A similar sample of non- 
nant adult females might be expected to result in an average body weight 
somewhat less than that given above 

For two female red foxes, Crile (1941) gives thyroid and adrenal weights that 
average .275 and .474 grams respectively. Our mean weights for these organs 
from a larger series indicate that female thyroids average heavier and adrenals 
lighter than Crile’s averages. In 80 per cent of the cases when both organs were 
weighed, i.e., adrenals and thyroids, adrenal weights were heavier. 

Significant correlations exist between body weight and gonad weight in both 
sexes (Table 2), but not in the other body weight to organ weight relationships. 

Spermatogenesis.—Seven of 17 males studied were producing fully formed 
sperm and 14 were producing either sperm or spermatids. This clearly indicates 
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TaBLE 2.—Body weight to gonad weight correlation in Indiana red foxes in winte 


' , Mean + Std Standard Correlation Regression ( 
lationship , 4 3 
Relationsh No, Error Deviatior Coefficient (r Equ 
Testis wt. (y 19 8.95 + .49 oy = 2.16 r= .565 y = 0.00229x-2.47 
Body wt. (x 4994 + 122.4 ox = 533.58 + .156* 
Ovarv wt. (y 17 1.161 + .233 cy = 961 r= .610 y= 0.00105x-3 .17 
Body wt. (x) 4100 + 134.6 ox = 555.0 + .146* 


* Significant 


that active spermatogenesis does occur between December 20 and February 10 
The stage of spermatogenesis did not seem to be correlated either with testis 
weight or body weight and thus, inferentially, with age or conditior 

Apparently observations on spermatogenesis in Vulpes fulva have been con- 


fined to fur farm silve 


foxes. The present data are limited in time span but 
nothing suggests that the wild red fox males differ from ranch foxes which pro 
duce sperm from late November to the middle of April (Bishop, 1942 


Reproduction in vixens.—Of 52 vixens examined from December 17 


ruary 2 


t during two winters, 31 were pregnant and four were either in or nea 
estrus (Table 3). On the basis of macroscopic examination, 17 of the females 
7 


from December 17 to February. 21 were in the anestrus condition. During th: 


first winter, five of these were seen before the first pregnancy noted on January 


2 and the second winter. five were seen before the first pregnancy recorded 


February 2. It is not apparent why first pregnancies were noted a month later 


y 


ay 
the second year than the first. More females collected earlier in either of thi 
years might have shown either no lag or more advanced pregnan dates 
Yearling ranch foxes breed later than adult Pearson and Bassett, 1946), s 


presumably the higher the percentage of juveniles in the population, the later 
will be the average breeding date (Sheldon, 1949). However, this should not 
affect the early extremes 
The season of estrus in red fox vixens and mating probably vary with latitud 
(Sheldon, 1949). By using a 53 day gestation period it is interpolated from Lyor 
(1936) that Indiana foxes breed near the end of February. For New York red 
foxes, Sheldon (1949) states that they “‘breed from mid-December to late March 
’’ apparently basing the early period upon December uterine turgidity as 
an indication of estrus. In Indiana some red fox matings take place in December 
as shown by gravid female No. 26 collected on January 2, and probably Nos 
32 and 36 collected on January 10 and 12 respectively. The latest date for at 


estrus or near estrus female (No. 109) was February 14. Thus the minimum 
extent of estrus in Indiana red fox vixens is established from some time in De 
cember to mid-February. 

Litter size—Lyon (1936) gives the litter size as 4—9 pups which is similar to 
the figures of other writers. The average of 210 Michigan red fox litters removed 
from dens was 4.92 (Switzenberg, 1950). Counts of young foxes seen at or taken 


from dens permit inaccuracy because of pups overlooked, post-natal mortality, 


or communal denning. The counting of fetuses and placental scars offers a more 


accurate means of assessing each vixen’s productivity, but such counts are 











Not 
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TABLE 3.—Post mortem observations on reproduction in Indiana re l fox vixens 
; cles (| “Geer | “alee Uterine Condition 
7 First Winter 
oF 1— 2-48 4310 .860 7 enlargements 
7 32 1-10-48 3880 .650 7 fetuses (4-3 
36 1-12-48 4540 1.401 9 fetuses (5-4) 
Af 1-28-48 3695 1.620 horn diameter 5 mm.; vascular 
47 2- 448 4310 1.213 horn diameter 5 mm.; vascular 
50 2- 7-48 4540 2.320 7 enlargements 
r) 51 2-10-48 3860 8 fetuses (4-4): 11 mm 
. 52 2-10-48 4540 8 fetuses (4-4); 17 mm 
, 5 2-10-48 1540 7 fetuses (4-3); 20 mm 
5¢ 2-10-48 3630 1.180 4 fetuses (2-2 
5S 9-10-48 3635 5 fetuses (2-3 
6 2-10-48 3860 7 fetuses (4-3); 9 mm 
( 2-10-48 44.4, 1.722 6 fetuses (3-3); 25 mm 
f 2-14-48 3520 1.500 5 fetuse 3-2); 11 mm 
62 2-1§-—48 56RO 2.430 13 fetusse 7-6 55 mm 
6 2-24-45 $215 1.975 5 fetuses (2-3 
Second Winter 
5 2- 2-49 4090 Ro 9 ents (early 
g o- 2-4 5220 8 enlargements (earl) 
5S 49 S00 enlargements (early 
9 1310 nlarg scul 
{ 5100 6 enlargement 
r F 3981 gemer i 
y ARAN 7 os ar 4 
» 7 Ean) . 2): 15 n 
0 7 51 f ‘e 
108 9 { 1311 enl ts (3 
1 ) AQR5 Lorn nlarg 
11° 14 4310 ) enla nents (4-5): early 
2 ) 760 » fetus 3-2 0 n 
11f 14 ) 154( 6 enlargemen } 
11s és ; 19 regi n uterus move 1 by hunter 
12 9-] 49 19200 8 fetus 5-3); 27 m 
12 21-49 4310 6 fetus 53); 20 mn 
127 2-22-49 4540 7 fetuse 3-4 $2 mn 
othing more than what meets the eye. The number of uterine young is not 
ecessarily the number that will be born alive, and the placental scars give only 
t} um} rne. Thus the litter size based upon pups at the den is not by any 
means the same as that based upon uterine counts of fetuses, enlargements, or 
scars. By using the latter method different investigators report the average red 
d ox litter size to be 5.3 and 5.1 (Sheldon, 1949; Richards and Hine, 1953). 
n In the present study of 30 gravid uteri examined, the number of enlargements 
and fetuses ranged 4-13 with the average of 6.8 + .338 potential young per 
female. The evidences of pregnancy included thick-walled uterine swellings of 
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15-20 mm. in diameter to fetuses 55 mm. in crown-rump length. An observation 
of interest was that in 24 females the implantations of even numbered litters 
were distributed evenly between horns with the exception of No. 121 where a 
5-3 distribution was found; in odd-numbered litters, one horn, usually the right, 
contained a single extra site or fetus. 

The remarkable number of 13 fetuses found in No. 62 bears comment. This 
observation seems to be a record of the largest number of young a wild red fox 
can have assuming that normal, full-term birth would have followed. In our 
series, the body, adrenal, and ovarian weights of this vixen were the heaviest 
recorded. The fetuses were distributed seven in the right uterine horn and Six 
in the left. They were found in only 11 fetal capsules, nine of which contained 
a single fetus and two of which contained “‘twin’’ fetuses, one each of the latter 
being in each horn. All the fetuses were normal in appearance with no indica- 
tions of resorption or retardation, being uniformly about 55 mm. in crown-rump 
length. 

In the literature on American red foxes, no report has come to our attention 
of a vixen known to have borne more than 11 young. Nine is the maximum re 
corded in a large series of uterine counts by Sheldon (1949). Switzenberg (1950 
reports litters of 11, 14, and 15, but communal denning of more than one family 
was suspected in the larger litters. Sheldon (1950) found that two litters in one 
den was not uncommon. A large number of fetuses, as explained above, is not 
positive evidence of the number of pups born or living after birth. Apparently 
nothing is known about post-natal mortality in wild red foxes. 

Acknowledgements.—For assistance in the collection and analysis of the red 
fox data the writers are indebted to Frank D. Haller, Dr. Allyn M. Herrick, 
Ellison Madden, Richard G. Prazil, and Dr. Donald E. Stullker 


SUMMARY 
During the winters of 1947-48 and 1948-49, a total of 52 each of male and 
female red foxes (Vulpes fulva) were collected from the Tippecanoe County 


Indiana, bounty station for the purpose of obtaining weights and observin 


the reproductive condition 
Mean weights with ranges and standard errors are presented for body, gonad 


adrenal, and thyroid. Correlation coefficients for all weight interrelationships 


were computed with only the body weight to gonad weight relationship show 
ing significance: 

Microscopic examination of testis sections from 17 males collected from De- 
cember 20 to February 10 showed that 7 were producing sper 
advanced stages ranging from primary spermatocytes to spermatids in other 
individuals 


m with the most 


Evidence is presented that the minimum extent of estrus in Indiana vixens 
is from sometime in December until mid-February 


Pregnancy in 31 of 52 vixens examined from December 17 to February 24 
during two winters was determined by inspection of uteri. On the basis of en- 


largements or fetuses the average number of uterine young was 6.8 with a range 


of 4-13 
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REPRODUCTION IN THE HOUSE MOUSE, 
MUS MUSCULUS L., IN MISSISSIPPI 


By Wruuiam W. Smits 


During the period from July 1, 1949 to June 30, 1950, a survey of house mice 
Mus musculus) was conducted by the Mississippi State Board of Health and 
the Communicable Disease Center of the Public Health Service as a part of the 


murine typhus control program of the State of Mississippi. In addition to de- 
termination of the incidence of typhus in the mice and the type, abundance, 
and distribution of the ectoparasites, it was believed that valuable information 
might be obtained to indicate the presence or absence of seasonal breeding 
cycies, and the effects of certain environmental factors on the reproductive 
actly ity of the mice 

Materials and methods.—Live traps of the cage type used in a rickettsialpox 
survey in New York City (Horn, 1949) were used, the traps being set in the late 
afternoon of one or two days each week. Mice were collected in the early morn- 
ing and transported to the laboratory in the traps, anaesthetized, and killed 
by cardiac puncture. After the ectoparasites were removed, the mice were 
measured from the tip ol the nose to the base of the tail, and the sex was deter- 
mined. Females were dissected so that the uterine horns might be examined for 
the presence of swellings which indicate the presence of developing embryos. 
This method revealed about 18/22 of the true pregnancies of Norway rats as 
calculated by Davis (1951a). It is believed that about 14/19 of the true preg- 
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¥ 


Fig. 1 


nancies of house mice may be detected by such examinations. Measurements 
of length and pregnancy data were correlated to indicate the maturity of fe 


male mice 
Trapping was conducted in 45 localities in 23 counties of the State as shown 


Lille 


on the accompanying map (Fig. 1). Four types of indoor habitats, 1) food-hand 


ling, 2) other business, 3) farm building, and 4) residence, were sampled 


Mile’. & 
SURVEY DATA AND DISCUSSION 

Effects of habitats on the trap ye lds of mice.—The findings derived from the 

methods described are recorded in Tables 1 and 2. In Table 1, the higher num- 

ber of food-handling establishments trapped (429) is indicative of heavier mous 


infestations since traps were set only at stations which gave promise of being 


f 


productive. Farm buildings were rather unproductive due to the presence « 


abundant food supply, the presence of predatory animals and rats which upset 
the traps, and to other factors. Statistical analysis of the average yields per 
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TABLE 1.—Number and sex of house mice trapped in indoor habitat 


Mississippi; July 1, 1949-June 30, 1960 





1 
- . Total No t A » fo] ‘ 
5 42 2.4 10* 527 UE 
U 9 2.37 24 10 127 
I 21 1.57 ( 15 18 
R 162 ay) F 18 174 
T 71 Zz 07 R31 R95 
“1 1 =r 
FHI establishme 
O} ectahlick 
| Farm bui 
| Re ler 
¥ = 
raBLeE 2.—H: y 
habit us . s 
Matu W 
Fe No. Embr 
HI 4¢ 1 7 74 RE 5. 12* 
{() 13 5 16, 7 4° 18 19 


| 16 7F ‘ OF 4 ¢ 17 
7 5 4 » 1g 4()7 8 09 


Mature Fe ‘ 
S aor } nd t sionitical t} he I i 
I Ii¢ 1] € I | l ert LNOS ( ypes ol 

] 
implied 

\ ’ at} ete nm to habits ( en ) " Che 0 male and 
£ ry e mice tranr 1 (221 mal QD fam. ndicate : “1 on —_ as found 
em mice trapped (851 males, 825 fem indi a 1:1 sex ratio as foun 


or laboratory mice by Snell e¢ al. (1941) and by Davis (1951a) for Norway rats 


More females than males were caught in business establishments other than 
ood-bandling places and on farms, while larger numbers of males were cap 
tured ood-handl ng establishme nts and re sid ces. Hoy ever. cli soquare tests 
ndicate that the numbers of males and females i ach type of habitat do not 
ail from a 1:1 ratio (P < .05 

Statistical treatment of the monthly survey data totals shown in Table 3 


discloses the fact that a prepondera ce of female mice (192 females, 160 males 
were caught during the months of July, August, and September (chi-square = 


2.9; P = .08). During the next three months, males predominated (229 males, 
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TABLE 3.—House mouse sex, maturity, pregnancy, and litter size in 
Mississippi, by months; July 1, 1949-June 30, 1950 





N No in Which Av. N 

No, 0. ana // in Whi Av. No. 

Month Males Females —— Pregnant Embryos Embryos/Mouse 

— Counted 

July 20 29 29 27 .6 0 

Aug. 43 52 49 49.5 10 5.1 + 0.57* 

Sept. 97 111 99 56.6 29 4.8 + 0.24 

Oct. 87 78 72 40.3 23 4.4+ 0.33 

Nov 67 47 45 57.8 25 4.4 + 0.21 

Dec. 75 63 53 32.1 17 4.5 + 0.47 

Jan. 47 48 47 36.2 17 4.5 + 0.44 

Feb 61 62 57 38.6 22 4.8 + 0.37 

Mar 62 77 72 30.6 22 4.4 + 0.44 

Apr 102 78 73 49.3 36 4.3 + 0.28 

May 105 118 113 8.4 66 5.1 + 0.19 

June 65 62 56 44.7 25 5.1 + 0.31 
Totals 831 825 765 46.8 292 4.8 + 0.09 
* Standard Error 

188 females) (chi-square = 4.04; P < .05). In January, February, and March, 


the 1:1 ratio was maintained, the difference between males and females in March 
62 males, 77 females) failing to reach significance level (chi-square 1.6; P 
.20). The month of April showed more males than females (102 males, 78 fe- 
males) probably as a result of increased breeding activity. The following month 
was characterized by a reversal which showed 118 females and 105 males taken 
It was noted that for two of the three months in which the pregnancy rate was 
above 50 per cent, the majority of mice caught were females. Davis (195la 
caught a higher percentage of female Norway rats (53 per cent) than males dur 
ing the highest reproductive period. In June, the pregnancy rate declined and 
a 1:1 ratio was resumed. 

Sexual maturity of house mice as related to length and habitat—As previously 
indicated, length measurements of female mice were compared with evidence of 
pregnancy to indicate maturity. This method was chosen as more satisfactory 
in field practice than the use of weight or other attributes which required more 
complicated procedures or apparatus. Female mice less than 24% inches in length 
were not found pregnant except in the north central region where an occasional 
specimen only two inches in length was pregnant. A body length of 2% inches 
was used as a criterion of maturity in all the State except the north central re- 


gion where two-inch specimens were considered mature. Based on these limits, 


92.7 per cent (765) of all females trapped were mature 

Peaks of pregnancy rates (above 50 per cent) were followed one month later 
by higher percentages of immature mice in the traps, except in September. This 
exception might be due to the development of the young mice to foraging age 
within the month, the pregnant females having been caught early in the month. 


Pregnancy in relation to type of habitat and locality —As shown in Table 2, 
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pregnancy rates in each of the four types of habitats were remarkably similar 
and no significant differences could be demonstrated by statistical tests. Davis 
1951b) found no difference in the crude incidences of pregnancy in Norway rats 
taken from city and farm habitats. 

A study of pregnancy rates by regions of the State indicated that the highest 
rate occurred in the north central region (61.2 per cent) composed of Benton, 
Marshall, Lafayette, and Yalobusha counties, and the lowest rate (41.9 per 
cent) in the northwest central region composed of Leflore, Carroll, Montgomery, 
Sunflower, and Holmes counties. “»nversely, the lowest average number of 
embryos per litter (4.3) occurred in the north central region and the highest 
5.6) in the northwest central region 
Pregnancy in relation to season of the year and average temperatures.—Table 3 
shows pregnancy rates for each month of the survey year. It may be seen that 
the highest rates occurred during the months of August, September, October, 
and November, and again in April, May, and June. These maxima are statisti- 

lly substantiated when compared with the rates for the months of December, 
January, February, and March. They are similar to the findings that house 
mice in Baltimore, Maryland, have breeding maxima in the fall and spring sea- 
sons (Brown, 1953). It is to be noted, however, that there was no complete 


essation of breeding during the winter 
When monthly pregnancy rates are compared with average monthly tempera- 
es for the State, four phases of breeding activity are evident. The first phase 
is that of July when a low percentage of pregnancy accompanied very high aver- 
age temperature (81.4° F.). The second phase was one of high reproductive rates 
mpanied by a mean temperature of about 70° F. for the months of August, 


September, October, and November. Low rates accompanied by a low mean 


ure of near 55° F. characterized the third phase in December, January, 


February, and March. The fourth phase was one of relatively high mean tem 
perature 7 F and hig! rep oductive act ty. It was concluded that mean 
temperatures in the neighborhood of 70° F. were most favorable for greatest 
reproductive activity during this survey 

Latte as related to type of habitat—Table 2 indicates that mice from food- 
g establishments and residences had more embryos per litter (5.0 and 
1.9 vely) than those from other businesses and farm buildings (4.3 and 
3.7 respectively). It is probable that the availability and nutritional quality of 
the food supplies of the mice in these different types of habitats affected the 


I 


umber of young. In a study of rat populations in cities and on farms, Davis 


1951b) found that city rats had more embryos per litter than farm rats. It 
. . r 

should be remembered however, that resorption and heavy post-partum mor- 

tality may affect considerably the numbers of mice and rats produced under 


certain unta orable conditions 
The final figure of 4.8 embryos per litter agrees closely with the estimate of 
Garlough and Spencer (1944) of 5 per litter, and with that of Storer (1948) of 5 


or 6 per litter. It is somewhat lower than the estimate of Laurie (1946) of 6 to 
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SUMMARY 


In connection with the murine typhus control program of Mississippi, hous« 
mice were live-trapped during a one-year period from four types of int 


l 


itats in 45 localities widely distributed in the State. Mice were separated accord 
ing to sex, were measured, and were dissected to determine pregnancy rat 
and litter size 

Food-handling establishments were indicated to be more heavily infested tha: 
the othe types of indoor habitats Trap yields were largest in food-handlin 
establishments and were least productive in farm buildings. Statistical testing 
of totals of males and females caught in the various habitats failed to show d 
vergence from a 1:1 sex ratio. This ratio was not affected by the locality fron 
which the mice were taken. However, more females than males were cat 
the traps when pregnancy rates were at their highest peaks in the spring and 
fall months. Males predominated in the traps during the months of Octobe 
November, and December. 

Sexual maturity of female mice was indicated by a minimum bo« 
91 


ll parts of the State except the north central part where a fi 


inches in a 
mice only two inches in length were found pregnant 

Periods of highest reproductive activity occurred in the periods from August 
through November, and April through June. Different types of habitats did not 
appear to influence the pregnancy rates. The region (north central) which had 
the highest pregnancy rate (61.2 per cent) had the lowest average numbe! 
embryos per litter (4.3), and the region (northwest central) which had the low- 


VW I l 


1 


est pregnancy rate (41.9 per cent) had the highest number of embryos (5.6 
per litter. Periods of high reproductivity were accompanied by mean period 
temperatures of near 70° F., while relatively higher temperatures (81.4° F.), or 
lower ones (55° F.), were accompanied by lower rates of pregnancy 

The litters of mice taken from food-handling establishments and from resi 
dences were larger than those taken from farm buildings and other business 
places. No significant differences could be shown in monthly litter means. The 
average number of young per litter as determined by counting embryos was 4.8 
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HABITAT PREFERENCES ON FOOTHILL PASTURES IN 


CALIFORNIA 


By J ( Oras 

J n Experimer Rang ¢ granite outcrops, blue 

jla H. and A.), digger pine, (Pinus sabiniana Dougl.). and 

r thus (¢ ot} Hool Nutt.) located in the Sierra 

| 25 m northe Mad ( iii l Some of the pastures 

e be su ‘ted to d ttle grazing intensities for periods 

P result that gra forb, and shrub growth differs on them. In 

d spri f 1949-1950. while king under Dr. Walter E. Howard 

ersitv of California at D the author attempted to assess the 

he small rodent habitat ese areas of different cattle utiliza- 

I mamma msidered were: Gilbert white-footed mouse, Pero- 

A lhe Bo hite-footed mouse, Peromyscus boyliz boylii 

r! vhite-footed mouse, Peromyscus maniculatus gambelii (Baird): 
e kangaroo rat. Dipodomys heermanni tulare? Merriam 

tS were hose I each ot roul res, al d were li e trapped for seven or 

} | differed considerably in physical and cover charac- 


nd will be referred to as the heavily grazed swale plot, ungrazed swale 
ed ceanothus plot, and moderately grazed ceanothus plot (Table 1). 


T apped with 128 live traps set at intersections of a 30-foot grid. The 
f approximately two acres was trapped, the traps 


; 


r square to its peripheral region and placed at 


then being moved from the cente 
30-foot intervals as before and set for three, or sometimes four, nights. 

All animals taken in each night trapping period were marked by toe clipping 
nd released the next morning. Records were kept of each capture, listing the 


( 


+} 


e trap in the grid, grass condition at trap site, and distance from the 
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TaBLE 1.—Composition of four plots studied for rodent habitat preferences 








Percentage of Total Area 
| Number —a eS 7 —— 
Plots of Trees | ocks — 
|Ceanothus| under Reck Grass 
Canopy — 
Heavily grazed swale plot , oak sea 26 1.0 4 4.3 94.3 
Ungrazed swale plot 12 5.2 2.2 6.2 86.4 
Ungrazed ceanothus plot ba : 19 27.0 6 4.0 68.4 
Moderately grazed ceanothus plot 6 22.1 2 6 77.1 


TaBLE 2.—Total animal captures on four plots 








| . Per Cent of 
Plot Total Captures Kemaber Total Marked 
’ . on Plot 


Heavily grazed swale plot 


Peromyscus truei : 23 7 31.8 

Peromyscus boylii ’ 14 4 18.2 

Peromyscus maniculatus 41 6 27.3 

Dipodomys heermanni 12 5 22.7 
Ungrazed swale plot 

Peromyscus truei 25 10 10.0 

Peromyscus boylii 30 8 32.0 

Peromyscus maniculatus — —- 

Dipodomys heermanni 10 7 28.0 
Ungrazed ceanothus plot 

Peromyscus truei 67 18 54.5 

Peromyscus boylii s 3 9.1 

Peromyscus maniculatus - 

Dipodomys heermanni 25 12 36.4 
Moderately grazed ceanothus plot 

Peromyscus truei 20 6 16.2 

Peromyscus boylii 5 2 15.4 

Peromyscus maniculatus : 8 4 30.8 

Dipodomys heermanni l 1 PS 


various kinds of cover. Each area was mapped for rocks, bushes, and trees and 
the position of each trap was located on this map by means of tracing-paper 
layovers. By this means the position and movements of each animal within the 
four acres was determined. Table 2 presents a summary of captures on the plots. 

Heavily grazed swale plot.—This plot was located in a pasture that had been 
very heavily grazed for the previous 16 years. It contained a southern portion 
of open swale with scattered blue oaks and rock outcrops, and a smaller northern 
portion of rock outcrops with a sky-cover of digger pine and interior live oak. 
Grass and forb growth was very low and no standing litter was present in the 
swale. 
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All captures of P. truei were made in the rocky and tree-canopied portion of 
the plot although captures were frequent at distances of more than 10 feet from 
rocks and tree canopies. None was caught in open swale. Captures of P. boylii 
indicated a definite association of this species with rock outcrops, all captures 
being made adjacent to rocks or cover that was continuous with the rocks. 

All but one of the forty-one captures of P. maniculatus were made in open 
swale and rocky areas away from interior live oak and digger pine canopies. 
Whether this was due to a specific preference for open swale or preemption of 
rock sites with woody canopies by the other two species of Peromyscus was not 
determined. 

Captures of D. heermanni corresponded closely to those of P. maniculatus 
in respect to habitat. When released, kangaroo rats usually ran to holes in open 
terrain. They avoided the digger pine and interior live oak areas and showed no 
association with boulder outcrops. Homesites were holes in open, sloping terrain 
and rocky soil, the former seeming to be preferred. 

In summary, the largest portion of the heavily grazed swale plot was open 
swale characterized by lack of litter, very low herbaceous vegetation and little 
woody cover. In this portion of the plot, the catch was predominantly P. manicu- 
latus and D. heermanni. The north end of the plot, an area of large digger pines, 
numerous interior live oaks and rock outcrops, produced P. truei and P. boylti. 
Both of the latter species were associated with the boulder outcrops and woody 
canopies but P. boylit appeared to have its home range more closely confined to 
boulder outcrops and woody cover than P. truez. 

Ungrazed swale plot—This was situated in an area of the Experimental 
Range that had been protected from cattle grazing and fire for the previous 16 
years. It was chosen because it resembled the heavily grazed swale plot in all 
features except cattle utilization. 

The terrain of this plot was steeper than that of the heavily grazed swale plot 
and was crossed by a small seasonal stream that contained running water until 
May. Large rock outcrops were present, these usually being partly covered by the 
canopies of interior live oak. A small area of ceanothus was included in one corner 
of the plot. The swale contained abundant gopher workings and had large 
amounts of standing dried stalks of tarweed and heavy grass litter at the time 
of trapping (February 6 to 13). The ground was soft and spongy (in contrast 
with the first plot where it was packed hard). Under some ceanothus and blue 
oaks, ripgut grass grew densely. 

P. truet was most frequently captured in the vicinity of ceanothus bushes; 
of those captures away from ceanothus bushes, captures near boulders were most 
frequently recorded. Plotting the captures on a habitat map showed the ac- 
tivities of this species to be associated with and practically restricted to areas 
of ceanothus. Rock outcrops were used infrequently. 

Over three-fourths of the captures of P. boylii were made within 10 feet of 
rocks. Remaining captures were within 10 feet of ceanothus with the exception 
of but one made in open swale. The dense grass and litter of the swale appeared 
to have little restricting influence on movements of this species since captures 
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were frequently made on isolated rock outcrops over 100 feet from those on 
which a previous night’s capture of the same individual had been made. When 
captures of P. boylii and P. truet were plotted ona habitat map it was found that 
areas occupied by the two species were distinct and overlapped only in one 
instance where a boulder outcrop occurred near ceanothus bushes. 

P. maniculatus was not caught. 

Only seven D. heermanni were marked and accounted for a total of ten cap- 
tures. Six of these were under ceanothus; one was within 10 feet of rocks. When 
the sites of capture were plotted on the habitat map little information was 
gained other than complete absence of trap records for the densely vegetated 
swale. 

The swale area in the center of the plot was free of overhead canopy but had a 
thick layer of herbaceous material with no bare soil visible. Trap records were 
lacking for all four species here. Whether this was due to poor drainage in the 
area, standing litter interfering with forage and escape, competition with pocket 
gophers for refuge sites, or other causes was not determined. D. heermanni was 
caught in a section of the swale higher on the hillside and near ceanothus. It 
was clear that P. boylii preferred rocky areas and P. truei, brushy areas. All parts 
of the plot were evidently unfavorable to P. maniculatus. 

Ungrazed ceanothus plot.—This bordered the ungrazed swale plot on its uphill 
side and was the next area to be trapped. Drainage was considerably better 
than in the neighboring swale and at its center the plot contained a belt of 
ceanothus bushes occupying about one-third of the area. Usually the ceanothus 
was open, but in a few places it formed a dense growth that was nearly impassable. 
Few rocky areas were present and grass was generally absent under the denser 
brush. Under the more open ceanothus, grass cover varied from none to dense, 
presumably depending upon soil quality and wildlife activity adjacent to the 
bushes. In general, grass and litter was shorter and less dense than in the swale 
plot trapped previously. 

A large number of P. truei was captured, over three-fourths being within 10 
feet of ceanothus cover. Plottings of these captures on a habitat map indicated 
that the mice crossed open areas but that foraging activity was greatly diminished 
when 10 feet or more from ceanothus canopies. Captures of this species varied 
inversely to the square of the distance from ceanothus cover and also became less 
frequent as the brush became less dense. 

P. maniculatus was not captured. Only eight captures of P. boylii were made, 
four being near rock outcrops and four away from rocks and under ceanothus. 

D. heermanni was the second most common animal marked and 72 per cent 
of the captures were within 20 feet of ceanothus canopies. The most favored 
ceanothus bushes were those in poor soil areas that lacked high or dense grass. 
When released from traps, individuals of this species commonly chose escape 
routes under bushes that led to burrows there or in open ground nearby. Plots 
of the captures on a habitat map were concentrated in areas of lighter brush 
growth and poor soil. 

In summary, the increased number of P. truei captured in the ungrazed 
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ceanothus plot was associated with the abundance of ceanothus. Plottings of 
the captures of this species on the habitat maps of both the ungrazed plots 
clearly defined the brush occurrence with the greatest number of captures occur- 
ring in the most dense brush. Captures of P. boylii in the two plots corresponded 
to rock and boulder outcrops although several were made considerable distances 
from them and under ceanothus. D. heermanni captures were most frequent in 
the better drained sites of the two plots. This species preferred light ceanothus 
growth and areas of low grass density. 

Moderately grazed ceanothus plot.—This area was chosen for comparison with 
the ungrazed ceanothus plot. It was situated in a pasture previously subjected to 
moderate grazing for three years and moderate to light grazing prior to that. 
The soil was better than in the ungrazed ceanothus plot. A wide belt of ceanothus 
crossed the plot diagonally, rock outcrops were comparatively rare, and digger 
pine and interior live oak infrequent. Ceanothus bushes differed from those of 
the previous plot in being less dense, browsed by cattle into rounded outline, 
lacking in brushy understory because of cattle activity among the bushes, and 
more open or “parklike” with grazed grass present under the ceanothus canopies 
up to the stems of the bushes. A few larger bushes with an understory reaching 
the ground had the shielded ground area badly disturbed by diggings of cotton- 
tails and other animals. 

As in the previous plot, the majority of P. truet captures (over 80%) were in 
the ceanothus belt. A few captures were made under interior live oak and digger 
pine, and one in swale. When released this species always ran to ceanothus; all 
homesites were under or in close proximity to these bushes. 

A few P. boylii captures were made in that portion of the plot where several 
rock outcrops were situated. Three of the five captures were made under ceano- 
thus canopies more than 10 feet from rocks. No captures were made in open 
swale. 

P. maniculatus was captured eight times. Over half of these captures were 
made under isolated ceanothus bushes in a small swale, the remaining being near 
scattered rocks in open swale. None was caught in the ceanothus belt. 

One D. heermanni was caught once in an unused roadway that ran through 
the ceanothus belt. 

Under subjection to grazing of moderate intensity, habitats of the moderately 
grazed ceanothus plot were materially changed from those of the ungrazed 
ceanothus plot. These changes were of three types: Grazing of grass to a short 
height; trampling of soil and dead limbs (understory) of the ceanothus; and 
browsing of the exposed twigs on the surface of the bushes. Fewer P. truei were 
captured, presumably, because of the comparative sparseness of the bushes, 
elimination of protective understory of mature ceanothus, and its absence in 
the younger plants. P. maniculatus probably was present due to the effects of 
grazing on the swales. P. boylii showed no apparent differencesin habitat between 
the two plots. No conclusions can be drawn from the single capture of D. heer- 
mannt. 
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TABLE 3.—F requency of captures of rodents made at four-foot intervals from ceanothus and 
rocks, and captures made in various grass densities more than 20 feet from rocks, bushes, 
or trees during the period between December 18, 1949 and March 7, 1950 





Number of Captures 
Distance from Habitat Features 














aoeee Peromyscus truei | Peromyscus boylii ane oe 
Ceanothus 
0- 4 63 10 $ 16 
1i- § 16 3 0 7 
§-12 f ] 2 3 
12-16 5 0 0 4 
16-20 2 0 I 0 


tock outcrops 


0- 4 30 45 12 9 
1i- § 3 2 1 1 
8-12 l 2 7 2 
12-16 2 l 0 0 
16-20 | l 0 0 


Grass over 20 feet from rocks 


bushes or trees 


None 0 0 2 1 
Moderaté 7 0 21 7 
Heavy 0 0 0 0 


SUMMARY 


Live trapping of four-acre plots was undertaken at the San Joaquin Experi- 
mental Range in Madera County, California to determine the effect of cattl 
utilization upon habitats of small rodents. Four plots were chosen and trapped 
for seven or eight day periods. 


lin all plots, its abundance be- 


Peromyscus truei was the most common anima 
ing almost proportional to the amount of ceanothus cover present (Table 3). 
If ceanothus was absent, this species utilized rock habitats sheltered by live oak 
bushes, a habitat that more generally produced P. boylii. The main effect of 
cattle grazing upon the habitat of P. truet was the opening up of the ceanothus 
bushes, which appeared to reduce the number of individuals using the area. 

P. boylii was most commonly associated with rock outcrops (Table 3) and 
appeared to be in competition with P. truei for some of these rock sites, especially 
those near ceanothus bushes. Grazing did not appear to lower the probability of 
P. boylii being on rock outcrops despite the consequent increase in numbers of 
P. maniculatus in the vicinity. Either digger pine or interior live oak were present 
in all areas in which P. boylii was captured, but it is not known if these trees are 
required in addition to fractured rock outcrops in its habitat. 

P. maniculatus was found only in open areas of plots that had been grazed 
(Table 3). In these plots it occupied the same habitat as Dipodomys heermanni 


and appeared to be unable to preempt habitats of P. truei or P. boylii. P. manicu- 
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latus was benefitted by grazing and was not found in plots protected from grazing. 

D. heermanni was associated with bare or nearly bare soil and was not found 
in areas of tall grass or heavy grass litter (Table 3). Its greatest abundance oc- 
curred on bare soil under the protective canopies of ceanothus bushes in the un- 
grazed area. Evidently grazing of swales makes these areas more suitable to D. 
heermanni and P. maniculatus. 


De partment of Zoology, University of California, Davis (now Los Angeles California. 


Received August 16, 1953 


AN INVASION OF NORWAY RATS IN SOUTHWEST GEORGIA 
By Dean H. Eck 


There is a continuous struggle among animal populations to occupy and to 


ain occupancy of any given territory, but it is only rarely that we are 





leged to make first hand observations of this phenomenon This paper re- 
} 


ports such an observation 


For hundreds of years two species of the genus Rattus, R. norvegicus and R. 
° 


s, have been in direct competitior with each other and to this day have not 


re 


developed the ability t 


live harmoniously in a shared environment. Matheson 


Jour Anim Ecol 8: 76-98. 1939) reviewed the evidence of the Norway rat’s 
successful replacement of the roof rat (black rat) over most of England in the 
18th century. We know that both species of rats were introduced to this con- 
tinent by the time of the American Revolution. Since that time careful ob- 
servers have been aware of the existing competition between these two species 


when they occupy adjacent or overlapping habitat. The usual result was that 


the larger Norway rat dominated the smaller roof rat 
Observers in Georgia during the past six years (Hill and Morlan, Public Health 
Rep., 63: 1635-1653, 1948; Morlan, Utterback, and Dent, Public Health Monog. 


TABLE 1.—Numbers of rats captured 17 three yuthwest Geo gia counties, 1946-1952 
Grady Per Thoma Per Brooks Per —— Per 
ent Cent ent Total of peat 
ae orve- eve. | Norve ee orve il Rare | Norve- 
Rattus | *“°FY"| gicus || Rattus Nor : gicu Rattus Ni ya gicus All Rat gicus 

gicus gicus gicus 
1946 | 1054 194 | 15.5 || 1424 231 14.0 || 1798 Q 0 1701 9.0 
1947 1433 564 | 28.2 | 1486 440 | 22.8 || 2218 1] 5 6152 16.5 
1948 1146 818 | 41.6 || 1992 860 | 30.2 | 2458 | 107 4.2 7381 24.2 
1949 1372 | 1125 | 45.1 1514 | 1263 | 45.5 || 2428 | 350 12.6 8052 30.3 
1950 4 232 292 | 55.7 203 296 | 59.3 458 | 112 19.6 1593 43.9 
1951-1952 73 lll | 60.3 60 174 | 74.4 420 49 10.4” 887 37.7 
Six-Year 

Totals 5310 | 3104 6679 | 3264 9780 | 629 28 ,766**| 24.3 


* 


A special effort was made this year to obtain R. rattus from Brooks County 


** 21,769 Rattus rattus, 6,997 Rattus norvegicus 


’ 
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No. 5, 1952) have recognized a large-scale invasion of territory by Norway rats 
and have analyzed the data in relation to murine typhus epidemiology. The 
present paper is an attempt to interpret these data from an ecologist’s point of 
view and to include some additional information. The data are based on detailed 
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1951 








trapping records collected in three Georgia counties between the years of 1946 
and 1952. 

The three counties (Grady, Thomas, and Brooks) in southwest Georgia are 
primarily agricultural and have many small farms which grow peanuts, cotton, 
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tobacco, corn, and other crops. The several small towns in these counties have 
little industry and cater largely to the farm trade. With minor exceptions, rat 
harborage exists in human dwellings and outbuildings, including small barns 
and corncribs, which usually are one to one-and-a-half stories high and of rather 
loose construction. 

With the objective of sampling the rats of each county to obtain reliable 
county-wide trends in disease and ectoparasite distribution, traps were operated 
in 16 geographically representative zones of each county, and under most cir- 
cumstances a fixed quota of 10 or more rats was obtained from every zone at 
least once a month. Trapping was conducted from January, 1946, through 
November, 1949; in June, July, and August of 1950; and from mid-August to 
mid-October in 1951. The records from occasional trappings between October, 
1951, and March, 1952, have been added to the data for 1951. The total of 28,766 
rats trapped over the six-year period consisted of 6,997 Norway and 21,769 roof 
rats (see Table 1 for detailed annual records 

Species composition was recorded from the beginning of the study, and the 
records of each unit area (subzone) were kept separate. By tabulating these 
data according to the subzones, it was possible to prepare species distribution 
maps that showed in which areas Norway rats, roof rats, and both species were 
trapped. In areas of mixed species composition there were some instances where 
both species existed on single premises for short periods of time (occasionally 2 


or 3 months), but by far the majority of colonies were composed of rats belonging 
to only one species. A small number of isolated Norway rat records in the south- 
ern parts of the counties have been omitted because measurements suggest faulty 
identification or because the animals did not represent an established colony as 
was evidenced by further trapping. Possibly the only Norway rat in the area was 
the one captured. No special effort was made to concentrate trapping effort on 
one or the other species, and it is believed that trapping results are a relatively 
true indication of the species composition as it actually existed. 

In 1946 all rat habitats trapped in Brooks County (Fig. 1), yielded only roof 
rats. Thomas County had large numbers of roof rats with a slight infestation of 
Norway rats in the northwest corner of the county. Thomasville, the largest 
town in the county, harbored a mixed population of both species. Northern 
Grady County had a few unit areas with only Norway rat populations; and unit 
areas with both species occurred throughout the remainder of the county as far 
north as the town of Cairo. South of Cairo, Grady County contained only roof 
rat populations. 

In 1947 Norway rats had infiltrated the northwestern corner of Brooks County. 
During this same year, northwestern Thomas County and the northern one- 
third of Grady County also showed a considerable influx of Norway rats, with 


only a few remnants of roof rat populations remaining. The southern limit of the 
Norway rat invasion extended from the northwest corner of Brooks County, 
through Thomasville, to a point south of Cairo. 

In each of the years from 1948 to 1950 (Figs. 1, 2), Norway rats progressed 
deeper into roof rat territory with the possible exception of one or two areas 
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These apparent retreats could have been natural fluctuations; but they may be 
false indications from insufficient sampling because, within a given zone, not all 
rat colonies were trapped every year. 

These comments leave the question of man’s influence on this invasion largely 
unanswered, but in any event, it is apparent that Norway rats have spread in 
these three counties from the northwest, and at the end of six years they occu- 
pied two-thirds of Grady and Thomas counties and one-third of Brooks County. 


‘ol the e1 tire six-year yeriod t] is invasion re yresented an average linear advance 
I I 


| } 


of approximately 20 miles and an overall occupation of 1,000+ square miles 


That the spread was not affected by trapping, or any disturbing effect that 
this could have had on the balance of the two species, is indicated from results 


obtained in 1951. Specimens were difficult to find in the routinely sampled areas, 


but when the trappers caught rats in new territory, the pattern of species dis- 
tributi vas found to be similar to that of adjacent areas that previously had 
been trapped intensively 
Investigators in Southern cities have told the writer in conversation that on 
som¢ asions Norway rats and roof rats may coexist in overlapping habitat 
omparatively long periods of time, but that such cases of coexistence have 
usually occurred in multiple-story dwellings where roof rats occupied upper 
stories and the Norway rats inhabited the ground floors and basements. As 
previously mentioned, southwest Georgia does not offer an abundance of mul 
tiple-story habitat. The record of the present invasion strongly suggests that 
the two species will not coexist on the same premises where there is competition 
harborage as well as for food 
There are no reliable records of the species composition of rats in this region 


prior to the records collected during the past six years. It does seem significant 
that conversation with old-time residents reveals that Norway rats had not been 
bserved until recent years. It would appear that this Norway invasion is a one- 
way trend that has not occurred in the region before. Subsequent observations 
may reveal whether or not the trend will reverse itself in favor of the roof rat. 
These observations recorded no observed instance where roof rats were « apable 
of dominating premises to the exclusion of Norway rats once the latter had be- 


firmly established (two or more breeding individuals 


SUMMARY 

An illustration has been recorded of a Norway rat invasion through the 
greater part of three southwest Georgia counties that were formerly occupied 
almost entirely by populations of roof rats. The invasion overran about 1,000 
square miles in six years. Norway rats not only invaded the new territory but, 
probably because of their larger size, were capable of dominating the competition 
for available habitats, thereby excluding the less dominant roof rat from most 
of the infiltrated territory. 
nue and Lake Street, San Francisco, California. Department of Health, Education, 
and Welfare, Public Health Service, CDC. Received October 1, 1953 
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FLUCTUATIONS AND STRUCTURE OF PEROMYSCUS 
GOSSYPINUS POPULATIONS IN EASTERN TEXAS 


y W. H. McCartizry 


Studies on the dynamics of any natural species population are important since 
the individuals that make up a natural population are the basic units by which 
gene exchange is made possible between parts of a species population (Blair, 
1953). In any given species the rate of gene exchange between various parts of the 
population will be influenced by such phenomena as population fluctuations, 
population structure, home range, social behavior, dispersal, breeding patterns 


and natural life span. This paper is a report of the fluctuations, structure, and 


breeding patterns of Peromyscus gossypinus populations in the timbered regior 
of eastern Texas. 

I am indebted to Dr. W. Frank Blair for critically reading the manuscript 
and Mr. W. N. Bradshaw for assistance with the field work. 


POPULATION FLUCTUATIONS 


In eastern Texas Peromyscus gossypinus populations undergo changes 
density that can be correlated, to a large extent, with breeding pattern and er 
vironmental factors such as weather and available food supply. Most of th 
data concerning population fluctuations of gossypinus in eastern Texas ar 
based on trapping records extending over a period from November, 1950 


June. 1952. These tr upping y records were compiled at 26 localities. represel til 
14 counties scattered throughout eastern Texas. Because this informatio 
based on trapping percentages of more than one population and involves moré 


than one locality, no conclusions can be reached as to actual populatior densit) 


in the majority of the cases. Unless specified otherwise, snap traps were use 
entirely in this phase of the study The percentage catch was based on an avel 
age of 692.5 trap nights per month. Generally, no distinction has been mad 
between sexes or age classes 

The P. gossypin 18 populations in East Texas gener: lly reach thei peak ol 
highest population density during the winte1 aan Fig. 1). The peak was 
reached during the month of February in 1951, and in 1952 the peak was reached 


during the month of March. While the period over which this study was mad 
was too short to be conclusive, the trends follow close ly the general pattern that 
has been demonstrated by Blair (1951), and Pournelle (1952) on Peromyscu 
populations in the southeastern United States. The striking difference in appar- 
ent —— size in the winter of 1951, as opposed to the winter of 1952 (Fig. 
1), can probabl ly be expls ained b y a combination of environmental factors. The 
most important factor is probably climatic in nature. The summer of 1950 was 
generally cool, with a normal supply of rainfall, while the summer of 1951 was 
exceedingly dry and hot in eastern Texas. In 1951, the mice apperently did not 


reproduce to any extent during the months of July, August, and September, and 
very little in October. This could mean that the overall population size in th 


fall of 1951 was smaller than it was in the fall of 1950. This is indicated by Figure 
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ions in eastern Texas for 20 


t} based on percentage catcl 


1 as indicated by trapping records compiled at 26 localities 


iia antieen Taide 


1. Ordinarily there is probably a small amount of breeding taking place in these 
months. Pournelle (1952) demonstrated that, in Florida, from the latter part of 
April until August the reproductive activities of gossypinus are at a low ebb. 
He found that of 113 adult females examined during the months of June, July, 
and August, only one was pregnant. Pournelle was able to correlate these ob- 
servations with environmental temperatures. He found that male gossypinus 
kept at a temperature of 89° to 101°F. were consistently not in breeding con- 
dition, whereas those individuals kept at 68° to 84°F. had viable sperm in the 
epididymis and tubules. If this be the case, then the abnormally high tempera- 
tures recorded in eastern Texas during the summer of 1951, might account for 
the lag in population increase in the winter of 1952. This lag would be the result 
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of a small breeding population at the beginning of the breeding season. Because 
of the drought of the summer of 1951, there was a decided decline in insect popu- 
lations in eastern Texas as evidenced by general field observations made during 
the summer. If the food of gossypinus is made up, in large part of insects (Cal- 
houn, 1941), then the scarcity of this food item could also have had a limiting 
effect on the populations. 

The effect that the amount of available food can have in influencing the 
populations is well illustrated by the following: In the summer (June, July, and 
August) of 1952, prolonged trapping in connection with other work in East 
Texas revealed that the P. gossypinus populations had undergone the apparently 
usual summer decrease in numbers. In a locality, one mile east of Nacogdoches, a 
large amount of old grain and hay had been dumped on a creek floodplain. Live 
traps were set in the immediate vicinity of the refuse during the month of August 
when the populations were expected to be exceedingly low. For ten nights a ten 
per cent catch was recorded. One mile away from the dumped grain the catch 
was less than one per cent. Thirty-two of the 40 P. gossypinus collected here 
were in breeding condition. It is interesting that mice of this species collected 
elsewhere in East Texas at about this time were ordinarily not in breeding con- 
dition, and less than a one per cent catch was the rule. Thus, it would seem that 
amount of available food as well as temperature might influence the breeding 
pattern of P. gossypinus. 

The very sharp drop in population size in March of 1951, as compared to the 
very sharp rise in population size in March of 1952 (Fig. 1), can probably be 
explained by the difference that existed in weather conditions during these 
seasons. In 1951, the month of February was exceedingly cold with a great deal 
of snow and ice. These conditions were not present in February of 1952. On the 
contrary, during February, 1952, exceedingly mild weather prevailed with 
no snow or ice. It would seem that there could have been a winter kill in Febru- 
ary of 1951 that did not take place in 1952. 

Two other species of Peromyscus, P. leucopus and P. nuttalli, were trapped 


along with the gossypinu: ™ 1dditional species of Peromyscus were not as 
abundant in East Texas : ssypinus but the evidence that is available for 
these two species indica eucopus and nuttalli populations undergo the 
same seasonal changes iu on density as does gossypinus and that their 
breeding patterns are simila gossypinus populations. 

In view of the apparent tren. indicated by Figure 1, and by the work of 


Blair (1951), Pournelle (1952), and uthers it would seem that Peromyscus popu- 
lations in the southeastern part of the United States are characterized by a drop 


in population size in the summer months and a gradual increase in population 
size beginning in September or October and continuing until February or March. 
From February or March there is a gradual decrease in population size until 
breeding is resumed in the early fall. It is also obvious that populations are 
greatly influenced by local environmental conditions and that in some cases 
these general trends can be completely reversed by local conditions. It is interest- 
ing to note that in the northern part of the United States where the winters are 
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more severe, Peromyscus populations do not breed in the winter 
in the summer (Burt, 1940). 


ut do breed 


POPULATION STRUCTURE AND BREEDING PATTERNS 


It 


composition. The total number of individuals may be the same at two given 


s obvious that as a dynamic unit a population is constantly changing its 


times but it is not likely that at any two times the population will be composed 
of the same individuals nor the same proportion of age groups or sexes. This fact 


can be attributed to the action of environmental factors which may act differ- 


vy on different individuals. Howard (1949) has shown that in Peromyscus 
maniculatus populations there was a differe nee in mortality rates among indi- 
viduals of different age classes and among individuals born at different seasons 


of the year. It has also been shown by Howard (1949) that as the number of 





ndividuals increases in a population there is a corresponding increase in rate 
of dispersal. Howard (1949) has also demonstrated that there is a difference in 


dispersal rate among individuals of different age classes. Thus, it is apparent 
that there are many factors affecting the structure of any natural population 
Blair (1951) believes that population changes are the result of: (1) the death or 
disappearance of a resident animal, (2) the movement of maturing young ani- 
mals away from the area, (3) the appearance of immature animals that were 
either born there or that moved there from other areas, (4) the appearance of 
transient or immigrant adults and, (5) the sexual maturation and establishment 


ol residence oI juveniie mice 


Une 100 ality in East Texas was trapped onsistently for one year, dating from 
J il 1951, until Decembe 1951 Ch piace s lor ited 15 miles s uthwest 
ol Nacogdoches and vas about 20 acres 1n area [t was not an isolated tract ol 
timber but was continuous on three sides with the lowland forest of the Ange- 
ina River floodplain. As a result, the animals studied must be considered as only 
1 segment of a larger population. This area was chosen because of its accessibility 
and because of the presence of logging roads running through and around the 
area. The study area was trapped twice a month, usually around the first and 





ain near the middle of the month. Live traps were used entirely in this study. 


The mice were marked by Loe clipping und were not marked individually but 
according to the first month they were < aught on the area Consequently It was 
not always possible to definitely distinguish between individual mice. It was 
unlikely that in any one month all of the individuals living on the study plot 
were trapped. Because the traps were always set for two nights at each trapping 
period (80 traps per night) the data shown in Table 1 probably give a reasonably 
dependable representation of the structure of the population over a year’s time. 
The animals were arbitrarily divided into three age classes as follows: (1 adults, 
those individuals that were completely in adult pelage and which were at least 
three months old; (2) subadults, those individuals which were partly in adult 
pelage and partly in juvenile pelage and which were between one and three 


months old; and (3) juveniles, those individuals that were completely in juvenile 
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TABLE 1 The structure and estimated population density for 12 months of a segment of a 
population of Perom J8cus gossypinus, 16 miles southwest of Nacogdoches, Teza 
No. of No. of No. of r alll Estimated 
Mont Adults Subadults | Juvenile Tota Population Der 
Januar 21 2 23 46 2.3 
Februar 17 10 28 55 2.7 
March % 12 10 48 94 
April 17 15 / 36 1 .8/acre 
M 13 5 8 26 1.3/ar 
June 10 5 2 17 i) 
Jul 12 14 7 
August 10 0) { 10 e 
Septe } f { 6 } 
Oct ( 0 2 Ss | 
Nove 7 S 1¢ x 
Dex nt l 5 12 30 5 
peliage nd were less than one month old. This correlation of age with pelags 
condition is in accordance with findings of Pournelle (1952 


] 


If one assumes that the number of individuals caught on the study plot [ol 


each mont! represents { reasonable approximation of the total resident animals 
then one can calculate approximate population densities (Table 1). Because th 
StudV area wa continuous with othe r similar ecologic areas some ol! the ind 
iduals would probably have only a part of their home range on the study plot 
Tl t would make the estimated population densities subject to addition: 
error. There was little difference in the populatior densities for the months 
Janua February, and March althoug! there were considerable differences 
tne composition ol the populatior From (pri intl September, the populatior 
gradually decreased in numbers of individuals. From August until October 
ywever, the popuilat on remal ed essentially constant and was composed n 
4 adults. In October the first evidence of population increase was show! the 
appearance of juveniles. This increase was even more apparent in November and 
Decembe 


The greatest number of juveniles was present in the population during the 


1 


1d December, when the populatiol 


months of January, February, November, a 





made up respectively of 50, 51, 50 and 40 per cent juveniles. From th 
latter part of February until June there was a gradual decrease in the percentag 
of juveniles in the population. The month of May was an exception because, 
here, there was a slight increase in the number of juveniles over the preceding 
month. This indicated an increased amount of breeding in April. During the 
months of July, August, and September no juveniles were found in this popula- 
t1or 
As would be expected, the number of subadults making up the populatior 


ollowed the trend set by the juveniles. There were, however, usually fewer 





subadults than there were juveniles of the preceding month. This could possil 


be attributed to a higher mortality rate among the juveniles than among other 


age classes. 
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The percentage of adults in the population varied considerably. The smallest 
percentage (31%) of adults found in the population was during the month of 
February. Actually there were only three less adults caught in February than 
in January when 45.5 per cent of the population was made up of adults. In gen- 


ral, there was a gradual increase in the percentage of adults in the populatior 





ITOI March until August when the entir¢ populati nm was composed I adults 
August and September were the only month ol the veal when the population 


. | 1 mr ’ ; ° ° me : 
was omposed entirely of adults Chis could be taken to indicate that no breeding 


had taken place during the months of July and August 


If one assumes the gestation period of Peron gossypinus to be between 23 
30 days as reported by Pournelle (1952), then it is possible to determine the 
pattern of breeding from the percentags eniles in the population for eacl 
month. The first juveniles appeared in the month of October and 25 per cent of 
t opu in this mont le uy eniles. Becauss 
re caught di go the | Si mbes t is reasonable to assume 
populat n 1051. breeding bea Sentember. Because thet 
g re t] Dp iT10 rom Septen t 
he latter p Feb l e from the July 
t f t oT T t OT f hres ling { PT 
é I e} June, Ju Lug 
hes eniles were found d en ws lennery and Webr = 
er n r } | | 1) 
pol t o { ] ceS p l ng 
T), es ] + +] 
g mbe g el ng é 
| 
of ti i I ( J ry prest 
) I ) De ¢ {) he Ze r irke aul o" ¢ 
Feb el g on the plot é Ap 
0 } ere prese! in © ay ae 
¢ les 
| DT ( I I imite pid tur? el e¢ ne 
I Ss ( tne popula YT ly l l ( ne rapping re [ 
vere not marked on the p Ss juve badults, and anima vel 
marked on the plot as juveniles, subadults or even adults were continually dis 
appearing. Thus it would appear that there i more or less continual exchange 
between the different parts of a large population due to the random movement 
al | sappearal e ¢ ind 1dua S 


SUMMAR 


Studies extending over a 20-month period show that P. goss jpinus populations 


in eastern Texas fluctuate in s 


ze. These fluctuations are apparently correlated 
with climatic and environmental conditions. Ordinarily the population density 
is highest in January, February, and March, and lowest in July, August, and 


September. These general trends can, in some cases, be completely altered by 
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local conditions. Available evidence indicates that Peromyscus leucopus and P. 
nuttalli populations undergo the same seasonal fluctuations in population size 
and are probably influenced by the same environmental conditions as are the 
gossypinus populations. 

A detailed study of a segment of a population of Peromyscus gossypinus indi- 
cates that there is a continual change in the structure of gossypinus populations 
The largest percentage of adults is found during the summer months, while the 
largest percentage of immature animals occurs in the winter months. This indi- 
cates that the peak of the breeding season for gossypinus in eastern Texas is in 
the late fall and early winter. 
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THE ANTELOPE POPULATION AND SOLAR RADIATION 
By V. E. SHELFORD 


In the course of animal population studies, evidence was found that optimal 
solar ultraviolet radiation intensity is a reproductive stimulus for a short critical 
period, and that it is apparently paired with moisture (Shelford, 1951). In a 
populatior there is doubtless a considerable difference in dates of the critical 
condition in individuals. The stimulus is effective in a period of two weeks to a 
month or more before mating, while the reproductive cells are developing. In- 
| tensities above and below the optimum range are indicated to be detrimental. 


Observations on quail, cottontail rabbit, house wren, and chinch bug populations 





support these conclusions. These conclusions are also supported by experimental 
vork with ultraviolet, a) which reduced the pre-oestral period of a ferret (Mar- 
| shall 1 Bowden, 1934), b) which induced breeding with more young of greater 
| vigor than those induced by white light in the case of an orthopterous insect 
| Sadrosk' Larsol ! 1 Nabours. 1933). \ hick ll creased egg production of 
poult Bailey, 1950) and d) which induced reproduction of a pair of monkeys 
Stetson (1947). Furthermore high temperature and light were found 
naturation in the four-spined stickleback (Merriman and 
Sore l 14 

We I emi ded 8) olar radiat I na I ultraviolet DY in occasional sun- 
x summer, or even il nté Antelopes on the plains have little 
chance escape solar radiation. They must receive the ultraviolet and its varia- 
S ot much in the environment or the habits of the species (A ntz- 

Can “icana) to indicate that they find shade to any noticeable extent. 


the study of populations, sensitive periods in the life history, or in the an- 


physiological cycle of long-lived species such as the antelope, must be given 


ose attention. It has been quite clearly demonstrated that a period in or shortly 

» the rutting season is important in the case of sheep (Johnson, 1926) with 
reference te variability of temperature, and temperature and moisture in com- 
nation. The second sensitive period in mammals is the season when the young 
ure bi At this time the milk production is a sensitive function. In the domes- 
secretion is evidently influenced by ultraviolet; butter fat content 

appears to be influenced (Shelford, 1952a). The same appears to be true of the 
amount of milk produced (Fig. 1). This figure suggests that ultraviolet 95-120 


und humidity 45-58 per cent is a combined or paired optimum. Figure 3-4 shows 
that the largest population of antelope (800) in this study falls in the same factor 
area. Johnson (1926) drew figures very similar to Figure 1 except that he, at 
least in principle, merely called an area similar to the 111 area of Figure 1, “op- 
timum”’ and the space on the same figure between 111 and 106 as favorable with 


109 ignored. Figure 4 is drawn on the same principle. The operation of two factors 


in a paired manner is not difficult to understand if one recalls that Abbe (1898) 
found temperature and humidity operating together to produce a sensation of 
comfort. He found that he was comfortable at temperatures of 80°F. with 20 per 


cent relative humidity, 40°F. with 60 per cent relative humidity, and 60°F. wit 








53+¢ JOURNAL OF MAMMALOGY Vol. 35 
2 5 60 70 2 3 6 ? 8 
Mo une Relative Humidity, Av. % Sept.-Aug. Rainf 
/ __ = 
/es Ks 
* . a, = 
Ai - a \E 
‘ ae. aa 
A 
: ” Fa & 
10 > 
* e ry 
a - 
° 
z Aa 
=A . > 
i 3 
p 4 
er a 
Milk Prod ‘ 5 . 
“ f the Illinois Dairy 
1er nor ement c ciatior 
928 93 Ante ope 
Populat . 
Actual and Calculated 
) 3 r 
Fr nd 2.—The M Ju mi ro 25 thou 
Iline y He I vere Assoc ne humidi 
iltrav 1928 oug 1938. TI great wes ‘ 
l ¢ 51 9 I ( hu g 
The r ] . n Ye | , 9 
194] cour 19 ( DOSS suns Ss 
Aug 1u l Oo l T eter n ot! > 
pre g I sé prece ‘ r ) ti Ss | 
nd sunshine 58 to 65 ct rhe framed figu ré elimir 
J sharp cc | ve 17-811 is pr« he res re 171 r 
figure he left marke X is discor« ut w g gu he firs 
| becomes 481 wi I s elimi ¢ vi S] ge co 
t { T es 5 
oU per cent relative humidit Ch explaina consideration oi ti 
perature reguiating mechanism (¢ man ana otne mamma 
This approach to population problems from the standpoint of tw 


operating together assumes, probab Vy rigntiy, that the Dasi 


hes In the reproductivity of the speci 


It is not until fecundity 


scientifically approached. 


vigor of olispring 


ANTELOP! 


especially 


With the facts relative to other organism 
cows, as background, it is the purpose of this paper to investigate changes in 


« 


concerned, 1.¢ l 


the sheep 


control ¢ 


the numbe 


is understood that surviv: 


numopers 


and dairy 


the 








Not 


14¢ 








4c 
Sep 
40 . 
/ 
x 
espe 
‘ 
I 1¢ 
le eas 
ep 


4e MO! 
change 


SHELFORD—ANTELOPE POPULATION 535 


60 70 2 14 6 8 20 22 


Sept.-Aug. Rainfall 





Pf ph )/ } 4 


4130 








‘ 668 
4 120 
10 
~ 
+9. 
ac 
TIMUM 
% 8 
RAB 
~ TICK 
é 6 € § 2% 
s I S« ‘ 
if nu ) | re piotte 
‘ Diseo 7; lues 
, Qr 9 } iltraviole 
r } 
u S Figure vith 
5 ig Au I > ¢ u 10 ( 
] | } g , f ) rran 
t cluc lg ges 
D | n € 1e!I on ti SI1Zé 
A g ( sho 
: : 
l Yellowsto Par m the standpoint of paired tactors, 
S radl ( 1 noistu 
~ }? T TT T ‘) T > | T 
e pe ( l 0 Oe Le mn peri1oa Ol 
eng Bissonnette iv 5 rere ¢ rom the cottontail 
ri 1 t} ou pl t ens e pero yonac development 
+7 Cant I O48 Qhal ) 1051 If 
StLIMmuU ) Ne] I I t , OUewWOord, ivi i 
optimum intensity « I olet in combination with suitable 


suited In more olispring and at the same time more vigorous ofispring, 


é 1 eve tn Ol is made eight months later (Fig and 
er the mating took p The young are born in June and by Sep- 
half the weight of the adu Heller, 1925), and in spite of consider- 
Buechner, 1950) there appear e some order in population 
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In the Park herd there appears to be an increase trend in the population. 
Statisticians insist that the trend should be eliminated, especially where it is 
due to human interference as might have been the case in Yellowstone Park. 
Yellowstone Park antelope were especially benefitted by an addition to the 
park below Gardiner in the early 1930’s. Nevertheless the trend figures reduce 
the year to year differences in calculated population and change the percentage 
of differences. This percentage is shown by italics on Figure 4. All the annual 
percentage increases are less and all the annual percentage decreases greater 
in the trend calculated population than in the figures for actual populations. 
The annual percentage average increase is nearly 12 based on a comparison of 
the first and last three years (1923-1941). In all probability the original figures 
are more significant than the trend figures for the purpose in hand. However, 
they are shown framed in Figure 2 because of discrepancies probably resulting 
from an increase trend suggested by the data 

The antelope counts (see acknowledgements) made in February are as follows: 
1923, 320; 1924, 417; 1925, 417; 1926, 497; 1927, 641; 1928, 442; 1929, 510: 
1930, 510; 1932, 668; 1933, 599; 1934, 321; 1935, 530; 1936, 406; 1937, 600 
1938, 786; 1939, 741; 1940, 811; and 1941, 784. 

There was no count in 1931. The 1924 through 1938 counts were selected be 
cause there were solar ultraviolet records for that period; the 1940 count was 
perhaps influenced by the 1938 mating périod. Counts for the earlier years wer 
for 1921. 350 and 1922. 253: these and 1941 were secured after the paper was 
practically completed. Four hundred seventeen is a high population for the 
first three years, and 811 for the last three years. In Figure 2 the two stand 


1 4 . ] 4} ] { 
i factors, and the caiculated 


quite close together from the standpoint of physica 
values approa h each other as 481 and 591. Figure 2 was attempt d on the as- 
sumption that sunshine and moisture operate together in influencing the well- 
being of the antelope throughout the year. If equal population lines can be 
drawn through the population data, it is assumed that the two factors operate 
together concurrently just as temperature and moisture do in giving us a sensa- 
tion of comfort (Abbe, 1898). The physiological processes in the case of comfort 
are well known. While this type of analysis is not familiar to many biologists, 
there are a hundred or more such diagrams in scientific literature based on 20 
or more combinations of factors and involving several representative animal 
groups. Many of the results are from extensive experimentation (Shelford, 
1952b, c 

Equal antelope population lines are indicated in Figures 2, 3 and 4. They re- 
semble parallel ellipses (Fig. 1). European workers have used terminology fo! 
these that would lead us to call Figure 2 a heliohydrogram 

To test the ultraviolet, Figure 3 was drawn with relative humidity and Pettit’s 
Mt. Wilson ultraviolet indices from the International Astronomical Union (1924 
1938). The figure was better than might be expected, the largest population 
falling on about between 85 and 120 on the ultraviolet scale and relative humid- 
ity approximately 45-58 per cent. The 1932 figure is very discordant and prob- 
ably due to drought failure of the food supply. These diagrams can serve to 


point out the action of other factors 

















m 








Vov., 195 SHELFORD—ANTELOPE POPULATION 537 


Because moisture may have important relations to antelope welfare through- 


out the year, Figure 4 was drawn. It indicates an optimum annual rainfall of 


14 inches. Italics here indicate actual percentages of increase and decrease. 
This is not a physiological paired factor diagram but is intended to show opti- 
1] 


mum, good and tolerated conditions as well as populations. 


These diagrams may be compared with a more familiar type exemplified by 
the work of Johnson (1926), who maps the favorable rutting period and favor- 


aL 
able lar 


1 


nbing period for sheep on the basis of temperature and moisture. With 


extensive records of English sheep growers’ journals he was able to map favor- 
ble months and favorable entire years. In the case of the antelope, Figure 2 is 
imilar to Johnson’s figures but in greater detail. The 785 ellipse could be used 


the probable conditions of a good vear and the zone between 785 and 600 


the conditions of a fair year. Shelford and Yeatter (1954) have found similar 
relations in the case of the prairie chicker 

\ study of Figure 3 shows that 93 on the ultraviolet scale and less than 45 
pt ent RH were associated with a big drop in population in 1932 which is 
shown as 46 per cent on Figure 4. From these facts we may infer that annual 
rainfall less than 10 inches with September ultraviolet at about 93 is very un- 


rable Figure } show that sucn conditions were associated with a 16 and 


23 per cent decrease. It is probable that increases and decreases of much less 
th 20 per cent cannot be considered as being of significance from the stand 
point of radiation due to the operation of other factors. Also a few added indi- 
iduals give large percentage increase for a small population and vice versa. 


Tr Fict re Z the difference of S11] in the 800 QO0 categor’ following 1938 weather. 


pared with 417 in the 600-785 categorv following 1923 weather. represents 
trend over 15 years with 1938 evidently very favorable. Other dis- 
( ( esult from similar relati to trend 
STTMM 
I e is evidence of sensitive periods in which the size of population increase 
ms e determined. Light appears to be an effective factor influencing fecundity 
telope and probably also milk production 
ipparentl paired with moisture so that a large series of combinations 
produce the nearly same results while separate linear graphs of the factors 
1 t ttle 


[he diagrams presented are suggestive but not authoritative. This is due to 
the tact a) that physical tractors used were not measured alongside the herd, 


| for rd. 


we do not know which moisture is effective, atmospheric, soil, 


vat the counts wert badly timed for the purpost 

icknowledgement This inquiry was made possible by the availability of the 
Yellowstone Park antelope population data released by the National Park 
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University of Illinois, the milk production records of between fifteen and twenty- 
five thousand cows of an Illinois Dairy Herd Improvement Association was 
made available for the months of May and June, 1928 through 1948. The writer 
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NOTES ON THE HABITS OF THE BAT, MYOTIS 
CALIFORNICUS 


By Puinie H. Krurzscu 


Myotis californicus ranges over much of western United States and Mexico. 
However, in spite of its wide distribution, there is little on record in regard to its 
natural history 

Data presented here were gathered as part of a general study of the bats of 
southwestern California and were obtained primarily in June, July, August and 
September of 1946, 1948, 1949, 1951 and 1953. Field notes were also accumu- 


in the winter months of the years 1936 to 1943. 

In San Diego County, Myotis californicus is known to occur from the sea 
coast to the desert and inhabits the Lower and Upper Sonoran and Transition 
Life-zones. In the desert areas these bats are most frequently found in the vicin- 


ity of water either near rocky canyons where mesquite (Prosopis) and catclaw 


¢ or on the sandy flats where creosote (Larrea) is the domi- 


{cacia) are growin 
nant plant. West of the desert bats favor riparian groves of sycamore (Platanus), 


ow (Salix) and cottonwood (Populus); they also favor oak groves and open 


orest (either deciduous or coniferous 

It seems likely that M. californicus is primarily a crevice dweller in that most 
e roosting sites selected are in narrow and crevice-like places. These bats 
frequent such retreats in small numbers or singly. During the breeding season 
females may gather in nursery colonies and will habitually occupy a specific 


place fur much of the summer season. Except for occasional nursery 


jlonies it seems likely that males and females, including females with young, 
move about without regard to any particular, habitually used, hiding place. 


‘hey apparently roost in the most available site when their evening foraging is 


Numerous observations of the following nature offer evidence for this state- 


m t , bat was taken from a fold in a emporary canvas shelter less than 24 
hours after the shelter had been erected. Another bat was obtained from a small 
space between rafters where bats were not present previously. An individual 


is taken from a small space, previously unoccupied, between supporting beams 


vooden bridge. An old rag hanging inside an unused building served as a 
hiding place for two adults with young, where earlier examinations had dis- 
osed none. Bats taken from such sites have been marked and released, but 


t searches of these roosts for the marked individuals have been un- 


subsequen 
successful. Myotis californicus has been obtained from various temporary hiding 
piaces ll old wooden houses, unused wooden showel rooms, wooden barns, 
ooden stables, wooden bridges, behind sign boards, in mine tunnels and under 
anvas shelters. In areas where man-made roosting places are not accessible 
bats have been found in hollow trees and beneath rock flakes and loose bark. 
Most retreats are utilized only at intervals and are not marked by accumu- 
lated droppings and urine stains, factors common in the long and habitually 


used diurnal roosts of the nursery colonies. 
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The record of one nursery colony is of interest. On May 1, 1943, at Hulbard 
Grove, two miles north of Descanso, a nursery colony o californicus was 
discovered behind a plywood sign on the south door of the Aesth stables. At this 
time there were 25 individuals in the colony, of which eight adult females were 
collected. The remainder of the bats were disturbed and flew from the roosting 
site; however, all returned to the sign board after a few minutes of flight. On 
subsequent visits, September 2, 1943, and July 20, 1946, bats were ag in 
the stable. The September 2 visit found them behind a tin sign on the north door. 
Five adult females and one immature male were collected; several other bats 
were seen but not obtained. On July 20, 1946, the bats were utilizing a space 
between the wallpaper and wall-sidings of a storage room; two adult females and 
five immatures of both sexes were collected. The tin sign occupied in September 
1943, had since been removed and the plywood sign converted to a blackboard 
which was in constant use and probably, because of this continual disturbance, 
was unsuitable for a day-time retreat. This nursery colony, although frequently 
disturbed, habitually occupied the same building. Bats were usually present, 
according to the owner, from June until late August and had roosted there, as 
far as he could recall, for “at least 10 years.” 

The adults of the two sexes appear to be separated much of the year. In the 
months September, October, February and March adults of both sexes have 
been found roosting together, nevertheless,*the sexes are frequently found sepa- 
rate at this time, as is true of summer roosting. Apparently breeding occurs some 
time in the fall or perhaps early spring, as I have no record of adult male and 
female M. californicus being found together in a diurnal roost ater sted 
both sexes use the same night roost) earlier than September and after March. 

Myotis californicus has a single young. There is evidence that the date of birth 
varies considerably. Young of several sizes and states of maturation have been 
found in a single colony. Males taken in September and October have enlarged 
testes and are assumed to be capable of insemination. This is indicative of delayed 
fertilization, as in the eastern Myotis l. lucifigus. Therefore, if delayed fertiliza- 
tion occurs, it is not improbable that the variation in the development of the 
young is a result of jo we in time of ovulation rather than differences in 
time of copulation 

No pregnant females were obtained after mid-June, indicating most, if not 
all, young have been born by this date. Data on ovulation and early pregnancy 
are not available, although gross signs of late pregnancy were recorded. A female 
taken April 30 contained a small embryo in the right horn of the uterus, two 
obtained on May | had the right horn much swollen and were believed to be 
pregnant, another taken on May 21 had a near term eml ryo in the right horn. 
Several females with young attached were observed on June 20, one baby was 
fully furred and almost adult-sized; a second was small and hairless. This dis- 


crepancy in development indicates a wide range in parturition dates. On July 20 


three lactating females and four young were found. Three of the young were 
nearly adult-sized and able to fly; the fourth young was smaller than the others 
and incapable of flight. An adult female taken August 7 had recently ceased to 
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‘tate, but the mammae were enlarged; a female taken August 20 had teats 


A 


reduced, although the areolar area was distinct. The testes of adult males 


‘tained in the late spring and summer were tiny and abdominal, therefore, 
resumably, inactive. 


Night roosting is common to various species of Myotis and, as Dalquest (Amer. 
fidl. Nat., 38: 241, 1947) points out, affords a means whereby late flying and 





Ss diurnal roosting species can be obtained when otherwise they are diffi- 
ilt to collect 
This species frequently retires to a resting place several times in the course of 
their foraging. They utilize open buildings near their feeding grounds where they 
nter and “hang up’’, presumably between flights. Almost any open 





; rota 
ividuals utilizing garages, 


m, porch, or corridor will serve. I have 


is, houses, outbuildings, bridges and corridors, as well as porches, of schools 


and churches. Most of the structures were wooden but several were adobe or 





ement. Shelter from the wind, darkness (no porch or street light) and proximity 
the foraging areas utilized by the bats are possibly factors of importance in 
the selection of such roosting sites. At least all such sites that I have observed 
have those things in common 
VU yot californicu begins foraging i the ea evening soon after sunset. 
Thev feed rapidly and fill their stomachs in a short time, often retiring to a 
yosting site near their foraging grounds a few minutes after darkness. Such 
ng, spaced by periods of rest, probably continues until dawn. 


On August 7, 1946, at the Hormigero Ranch, 6.6 miles northeast of Pala, 
sunset occurred at 6:43 pm. At 8:00 and 8:02 pm, less than an hour after dark- 
ness, bats were found hanging on an overhead beam in the main cabin of the 

1 in a grove of live oak Quercus agrifolia), and bats 


ranch. This cabin is locates 


forage regularly each evening under the trees. The ranch owner informed me 
that small bats often fly into the cabin to “hang up” and recalls having seen 
cabin at intervals until just before daylight 
The old Butterfield Sta 


| l ge Station at Vallecito has long been a favored site 
for night roosting bats. The surrounding terrain today is much as it was de- 
scribed by Frank Stephens (see Dalquest, Jour. Mamm., 28: 26, 1947). The 
stage station has since been restored. Nevertheless, it is much used as a night 


1g place by various species of bats. The building now has five rooms, each 


to the outside either I y door or window or both. It has been the practice 


opening 
the custodian to leave doors and shutters ajar, and through these openings 
ain their entrance. A number of spec bats roost in the station, and 
the California myotis was usually found roosting with one or more of these 


specie S Numerous visits Lo opserve and collect VM jot californicus have been 


made to the Vallecito Station, and on occasions an entire night has been de- 
voted to observation ol this species. Une such period ol observation, on July 29, 
1953, was made in company with J. R. Homesley. We approached the building 
at 9:00 pm. Bats were seen flying over the mesquite trees in the station yard, in 


the open corridor of the porch and in and out of the open doors and windows of 


the station. The night was warm (95°F), clear (moon at three quarters) and 
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windless. There were numerous insects flying and many were attracted to the 
light of our gasoline lantern. 

We entered the station and closed the doors and shutters. In the west and 
center rooms there were three California myotis and two leaf-nosed bats; all 
were clinging to the overhead beams. The rooms on the east and west contained 
two individuals of Myotis californicus and one Eptesicus fuscus. The former were 
in flight and the latter was at rest on an overhead beam. The small room on the 
north side of the building sheltered five leaf-nosed bats and one Myotis califor- 
nicus. After we completed our search the doors and shutters were again opened 
while we weighed, sexed and removed parasites from the bats just captured. 
As we did this, several bats were observed entering the building, seemingly un- 
mindful of the strong light of our gasoline lantern. All bats taken had abdomens 
distended, presumably with food 

Searches were continued at 30 minute intervals until 2:00 am. In each in- 
stance the same procedure was followed. All bats trapped within the building 
were captured and retained in order that an inventory of the population of the 
station and its composition be ascertained. Although bats of the species M yotis 
californicus were most numerous, they shared the station with six other species: 
Antrozous pallidus, Corynorhinus rafinesquii, Eptesicus fuscus, Macrotus califor- 
nicus, Myotis subulatus and Pipistrellus hesperus. Usually one or more of thes 
species were present, but occasionally Myetis californicus was the only species 
found. 

It is interesting to note that although Pipistrellus hesperus is abundant in 
this area (probably the most abundant species) only a single individual was taken 
The composition of the population in the station at different periods in the eve- 
ning is of interest. Macrotus was present in good numbers from 9:00 pm until 
midnight and absent thereafter; Corynorhinus rafinesquit appeared at 11:00 
PM and disappeared at 1:00 am. The small number of individuals of other species 
obtained (Myotis subulatus. Antrozous pallidus and Eptesicus fuscus) leads me to 
suspect that they are less numerous in the area. At 2:00 am (the last search) a1 
adult female Myotis californicus was the only bat in the station 

A summary of data obtained from this and other visits (Fig. 1) indicates that 
bats are most numerous in the station from 9:00 pm to 12:00 midnight. There- 
after there is a gradual decrease in numbers. Observations are not available 
beyond 2:00 am, hence it is not known whether activity again increases in the 
pre-dawn period 

Visits to the station in the months June, July, August and September always 
disclosed night roosting Myotis californicus. However, visits in the winter months 
were not always successful; presumably the cold weather and absence of flying 
insects were factors in the lack of activity. Nevertheless, bats were found fre- 
quently enough during this period to indicate their continued occurrence in the 
area 

Myotis californicus begins foraging prior to darkness and continues until the 
early hours of the morning. Foraging is done near the ground, frequently at 


heights of less than ten feet. Quite often bats stay near vegetation in their 
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TIME OF CAPTURE 





A summary indicating the hour of appearar nd disappearance and number 
the various species of bats observ: r obtained the night roosting site in 

I erfield Stage St + 
seal for food. The height of the foraging flight therefore, varies somewhat ac- 
cording to the vegetation level at which food material is most abundant. Quite 
olte Dats ol this species are found 1roraging around live oak trees It is possible 
tl the attraction is the summer-abundant oal moth. At El Monte Oak Park 


the summer of 1938. I observed a number of these bats bunting insects about 


} 


the outer edges of the branches of the live oak trees. The bats were seen circling 


around the trees; their flight was regular, and the only changes of direction were 
made in pursuit of moths. Most of the bats were foraging 10 to 12 feet above the 
ground where moths were most in evidence. At Camp Marston, Pine Hills, in the 
summer of 1947, bats of this species were commonly observed foraging in the 
open space beneath the lower limbs of a mixed growth of yellow pine (Pinus 
and black oak (Quercus). The bats frequently appeared on the wing before sun- 
down. The deep shade offered by the dense foliage may have influenced this 
early foraging. In desert areas where vegetation is low and more sparse, Myotis 
californicus forages near the ground, flying close to the tops of the vegetation. 
At Agua Caliente Spring bats of this species were seen on the wing shortly 


after sundown. Circling above and around the catclaw and mesquite trees they 
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Fic. 2.—A record of the bats taken (excluding those observed) in each month of thi 
year during the period of observation. Note reduced numbers in the winter months 


made frequent sharp changes of direction upward or to the sides, but usually 
not downward. Those seen foraging over the swampy area south of the Vallecit 
Stage Station flew low above the brush. At Palm Canyon, Borego Valley, cal 

fornicus appeared as darkness deepened, and they flew through the heavy 
growth of willow bordering the stream 

Myotis californicus appears to be entirely insectivorous in habit. Droppings 
collected from beneath their roosting places have contained the finely masti- 
cated parts of unidentifiable insects. Stomach analysis likewise indicates a1 
insect diet. The utilization of the oak moth as food offers a clue to one type of 
food obtained. 

Little California bats go to open water to drink soon after emerging from their 
diurnal retreat. These bats apparently seek water several times during the 
night, certain favored watering places being repeatedly utilized. At Palm Can- 
yon, Borego Valley, a small pool overhung with willow served as a watering 
place. Bats approached the water in a glide with wings set about 70 degrees from 
the vertical. Near the surface of the water the glide is checked and flight changes 
to a fluttering motion, the bats moving slowly above the water. Individuals were 
seen to bend their heads forward and, with mouth open, drag the lower jaw 
beneath the surface in a scooping motion. One individual flew the six foot length 


of the pool six times before leaving. In one instance a M. californicus and a Cory- 


norhinus were over the pool at the same time. On this occasion the lump-nosed 
bat flew more rapidly and drank only once. At Agua Caliente Spring these 
bats appeared 30 minutes after the canyon bats (Pipistrellus) and were fewer in 
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number. However, both were drinking from the pool. On one occasion six bats 
were simultaneously drinking from the pool; all behaved alike, fluttering slowly 
over the surface with heads bent forward drinking. Three of these six were 
captured, two were Pipistrellus and one a M. californicus. 

[ have records of occurrence for M. californicus in every month of the year. 
These bats are most frequently encountered from May until September (Fig. 2). 
There is a gradual increase in the number of bats in the spring and a gradual 
decrease in their number in the autumn, fewest bats being found in the winter 
nonths (November to February). Because only two nursery colonies, and un- 
fortunately no winter colonies, were found, it is difficult to interpret the true 
picture of seasonal populations and activity 

Vyotis californicus is relatively free of ectoparasites. Bats found roosting 
singly were usually not infested. Individuals obtained from the nursery colony 

Hulbard’s Grove harbored mites of the genus Ichoronyssus. The mites were 
on the dorsal surfaces of the wing membranes and numbered three or four per 
bat. Bats taken at Vallecito Stage Station had mites of the genus Spinturniz on 
1e upper surfaces of the wing and interfemoral membranes. Other ectoparasites, 
such as fleas, ticks, lice, bedbugs, and flies, which are known to live on other 


oft pats were not found 


Nena ; Anat 1. School of Medicir 300 Penn unia Hall, University of Pitt 


ACTIVITY, FOOD CONSUMPTION AND HOARDING IN 
HIBERNATORS 


By CHarues P. LYMAN 


previous papers it has beer emphasized that the phenomenon of hiberna 


not precisely the same among all mammals and differs even among 


families of rodents. For example, the electroencephalograms of “‘le sper- 
mop probablv Cutellu citellus and the woodchuck Varmota monax 
differ 1 kedly in hibernation and during the process of arousal from that of the 
golden hamster (Mesocricetus auratu Kayser, Rohmer and Hiebel, 1951; 


Chatfield, Lyman and Purpura, 1951; Lyman and Chatfield, 1953). The rela- 
tively active electroencephalograms of the deeply hibernating ground squirrel 


and woodchuck reflect the behavior of these species, for they respond to strong 


stimuli with uncoordinated muscular movements. The deeply hibernating ham- 
ster, on the other hand, is totally inert until 


the process of arousal is well under 


Another important difference concerns the nutritional requirements during 
the hibernating period. Most rodents that hibernate, including the woodchuck 
and the ground squirrel, become extremely fat before the period of dormancy 
and apparently live on this fat during hibernation (Kayser, 1950). In contrast, 
the golden hamster, at least in the laboratory, loses weight when exposed to cold 


11 


and actually enters hibernation when quite lean (Lyman, 1948). Although Citellus 
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tridecemlineatus (Howell, 1938) and many other hibernators store some food, 
storage appears to be of paramount importance in the hamster, for it eats during 
its periodic arousals from the hibernating state and apparently cannot live 
throughout the hibernating period if there is no food available (Lyman and 
Leduc, 1953). 

The experiments described below were designed to clarify these differences. 
The food and water intake and the activity of a series of hamsters and ground 
squirrels were measured when the animals were kept in a warm environment and 
compared with the same measurements when the animals were exposed to cold 
and when they hibernated. 

During the course of the experiments it became apparent that hamsters which 
were denied food for storage did not hibernate as soon as control animals. There- 
fore, a second experiment was designed to elucidate this point 


MATERIALS AND METHODS 


Experiment 1.—A series of nine male hamsters (Mesocricetus auratus) between 
15 and 20 weeks of age was housed in activity cages equipped with exercisé 
wheels. The rotating wheel of each cage was 36 cm. in diameter and 11.5 cm. wide, 
and the resting cage measured 38 cm. long by 23 cm. deep by 23 cm. high. The 
animals were fed ground Purina chow from non-spillable food cups, and water 
was supplied from non-spillable water containers. Food and water intake and 
the number of revolutions of the activity wheel were usually measured eacl 
day. If very small amounts of water were consumed daily, allowance was made 
for evaporation from the water container. 

The animals were maintained under these conditions for five to nine weeks in 
the fall of the year in an animal stock room. The environmental temperature was 
24 + 2°C. and the animals were exposed to between eight and nine hours of light 
daily. At the end of this period the hamsters were moved into a cold room mait 
tained at 5° + 2°C., which was illuminated daily for eight hours. The measur 


ments were continued under these conditions. 


A second series of two female hamsters of 15 weeks of age and two femal 
ground squirrels (Citellus tridecemlineatus) over three years of age was housed 
in individual cages of the same size as the previous experiment. The cages were 
suspended from springs, and balanced from below by a tambour at each cornet 
Any major movement of the animal in the cage depressed one or more of thi 
tambours. This was recorded pneumatically by means of a tambour and a stylus 
on a slowly revolving smoked chart. Food and water intake were measured as 
in the first experiment, and the animals were exposed to the same environmental 
conditions. In all experiments, when an animal was observed to be hibernating, 
a small amount of fine shavings was placed on its back so that, if it moved 
enough to displace the shavings, this could be noted at the next observation 

Experiment 2.—In order to test the effect of hoarding on hibernation a series 
of six male and six female hamsters, 15 weeks old, was housed in individual 


cages supplied with ample shavings in the cold room (5° + 2°C.). They were fed 


water ad libitum and ground Purina Chow in non-spillable food containers. 
tony 
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Under these conditions the animals were unable to store food, as is their in- 
variable custom if supplied with pellets of compressed food. These animals were 
observed daily and the day on which they first hiberated was noted. 

To provide a controlled comparison with the experimental animals, the rec- 
ords of 373 animals that had been observed during the last few years in this 
laboratory were used. The use of this large number of animals was employed 
because it sheds some light on the variations encountered in a large group of 
animals. These hamsters were housed under conditions identical with the ex- 
perimental animals in the cold except that they were fed Purina laboratory 
chow checkers and hence could store their food. 


RESULTS 


The nine hamsters in the wheel-type activity cages consumed, in the warm 
room, an average of 7.8 gms. (Standard Deviation 1.7) of Purina Chow each 
day. Omitting one animal that spilled water in spite of all precautions, the 
water consumption averaged 11.1 ec. (S.D. 1.2) per day. The animals averaged 
7335 revolutions (S.D. 1834) of the wheel each 24 hours. It was apparent that 
most of the activity took place at night, whether the animals had an exercise 
whee] or 


dence of regular periodic activity other than the diurnal cycle. 


whether the motion of the cage was recorded. There was no clear evi- 


When moved to the cold room, the food intake of the hamsters invariably 
rose and averaged 12.9 gms. (S.D. 2.3). This rise is statistically highly significant 
according to the ‘‘t’’ test, for P is less than .01. The water intake rose to 16.3 
ec. (S.D. 4.7) per day. This rise is also highly significant in spite of the fact that 
one anima showed a slight decrease 1 watel intake from 1] 3 to 10.5 cc. day). 
The hamsters were no more active in the cold than in the warm room as meas- 


ured by 


he activity wheels, averaging 7141 revolutions (S.D. 3029) per day. 
Furthermore, there was no evidence in the tambour records that the animals 
moved about in their cages to a greater extent when exposed to cold. 

Although most of the hamsters provided with activity wheels were kept in the 
cold room for over a year, only one animal hibernated on and off for 54 days after 
being in the cold for 44 days. During this period it was observed to be awake on 
21 different days and the longest period of continuous hibernation was three 
days. In contrast, the average period of hibernation, punctuated by brief waking 
periods, for 19 typical controls was 95.1 days (S.D. 21.7). Furthermore, most 
hamsters remain continually in the hibernating state for protracted periods, 
the longest recorded in this laboratory being 21 days. 

There was no diminution of exercise or food and water intake in the days just 
prior to entering the hibernating state. On each awakening the animal ate, drank 
and ran on the exercise wheel. Considering only the 21 days that the animal was 
awake, it averaged 4207 revolutions of the wheel, 12.7 gms. of food, and 25 ce. 
of water per day. This animal averaged 11,646 revolutions of the wheel, 14.8 
gms. of food and 21.9 cc. of water per day in the cold room before entering hiber- 
nation 


One of the hamsters maintained in the tambour-recording cages hibernated 
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after only 11 days exposure to cold, but the total hibernating period lasted only 
18 days during ten days of which the animal was observed to be awake. The 
period in the cold room before hibernation took place was too short to give a 
reliable figure, but the food intake increased and the water intake decreased 
during the 11 days. There was no evidence that food and water intake or exercise 
decreased in the last few days just prior to hibernation. In the ten days the 
animal was awake during the hibernating period it averaged 8.4 gms. of food 
and 10 cc. of water per day. This compares with 8.1 gms. of food and 5.1 ce. of 
water per day in the eleven days before hibernation. 

The hamster in the other tambour-recording cage adopted a peculiar storing 
habit which spoiled the records of food intake and caused the abandonment of 
records on this animal, but also led to Experiment 2 of this series. This hamster 
was able to obtain food from the unspillable food cup by forcing its muzzle into 
the ground dog chow. Upon lifting its head from the food cup, it removed the 
crumbs clinging to its vibrissae with its fore paws and transferred them to its 
cheek pouches. After it had obtained a satisfactory amount of food in this way, 
it carried it to a far corner of the cage and stored it in the manner observed ir 
hamsters fed solid pellets of food. This animal hibernated on the 72nd day 
after exposure to cold. 

Ground Squirrels—In the 62 days of observation prior to exposure to cold, 
ground squirrel no. 1 averaged 7.0 gms. of food per day and 12.2 cc. of water 
During this period its weight dropped from 266 gms. to 237 gms. Ground squirrel 
no. 2 averaged 10.9 gms. of food per day and 22.5 cc. of water, and its weight 
dropped only from 275 to 267 gms. Both animals were very fat at the start of the 
experiment 

In sharp contrast to the hamsters, the two ground squirrels hibernated withi: 
24 hours after being exposed to cold. Ground squirrel no. 1 hibernated over 
period of 62 days, at the end of which time the animal was moved to the warn 
room because of its emaciated condition. Of the 62 days, it was observed to have 
moved enough to displace the shavings on its back on 14 days and was active 
enough to cause movement of the cage for a total period of 171 hours, or 12 per 
cent of the time. During the time it was awake it ate a total of 16 gms. of food 
and drank 87 cc. of water. It lost 111 gms. body weight during the 62 days of the 
sojourn in the cold. 

Ground squirrel no. 2 hibernated over a period of 120 days after which it was 
moved to the warm room. During this period it was observed to have lost the 
shavings from its back on 23 days and was active enough to move the cage for a 
total of 225 hours or 8 per cent of the time. During the time it was awake it ate a 
total of 6 gms. of food and drank no water. It lost 130 gms. body weight during 
the 120 days. 

Storing Experiment.—The twelve hamsters that were moved to the cold room 
but not allowed to store food hibernated after an average period of 97.6 days 
(S.D. 20.4). The earliest hibernation occurred on the 54th day and the latest on 
the 114th day. The average time before entering hibernation was approximately 


the same for both sexes. Once in the hibernating state, the animals remained 
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in this condition, with the usual periodic awakening, for a period of about three 
.onths. Thus the length of the hibernating period, once started, was not cur- 
tailed 

Of the 252 control animals that « ed hibernation the average time before 
the hibernating state occurred was 56.6 days (S.D. 33.2). The shortest period 


] 


the cold room was three days and 


before hibernation occurred ss moving tot 


the longest was 218 days. On the other hand, 121 animals of the control groups 
died before entering the hibernating state. The average time when death oc- 


curred after moving to the cold room was 71.5 days (S.D. 67.2 

In a statistical comparison between the time of onset of hibernation in the 12 
hamsters deprived of storing and the 252 controls that hibernated, P is less than 
01. This highly significant difference rete: S that the ability to store food has a 


aE d effect on the occurrence oj hil ernation On the other hand the data on 


e other 121 control animals show that in a large population of hamsters in the 
laboratory, some animals will live in the cold and eventually die without enter- 
ing hibernation. T adie it may be more accurate to include the animals tha 

died in the cold with the other control animals. If the total span of life in me 


old of these animals is averaged with the total time in the cold before hiberna- 


tion in other controls, one obtains a figure of 61.4 days S.D. 47.4 When this 
figure is compared with the 97.6 days for the experimental animals the difference 
between the two figures is still found to be highly significant according to the 


Fisher ‘‘t”’ test (P <.01). In other words, the possibility that the marked delay 
the onset of hibernation in the non-storing hamsters is due to chance is less 


than one in 100 


he increased food and water intake of hamster: when exposed to cold is 
typical of mammals that do not hibernate, and is to t 


rease of metabolic rat 


e expected with the in- 


e. That the metabolic rate does increase in hamsters 
wher exposed Lo cold « I e seen DY comparing the figure 1014 ce. U K hr 
golden hamsters at 29.6° (Kayser, 1940) or 930 cc. O./K/hr. at 30-34°C 


(Adolph and Lawrow, 1951) with 2877 ec. O./K/hr. at 5°C. (Lyman, 1948 


These reactions are in sharp contrast to the almost immediate hibernation and 





cessation of eating and drinking that took place when the two ground squirrels 
were exposed to cold. Although ground squirrels do not invariably hibernate 
within 24 hours after exposure to cold, as Johnson (1930) has amply demon- 
strated, still the onset of hibernation is usually quite rapid. On the other hand, 
of the more than 1000 hamsters exposed to cold in this laboratory, the shortest 
recorded time before hibernation occurred was three days with most animals 
ar exceeding this figure. 

The hibernating phase of the two hamsters recorded here cannot be regarded 

typical, because the period was curtailed and the animals awoke more often 
than is normal. However all indications are that golden hamsters keep up high 
food and water intake and remain active up to the time they hibernate. Further- 
more, the data emphasize that the hamsters will consume considerable nourish- 
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ment each time they wake from hibernation. Although observations in the wild 
on the golden hamster are lacking, the European hamster is known to be an 
inveterate hoarder of food, so much so that the German word “hamster’’ means 
to hoard or store in anticipation of need. It is highly probable that hamsters 
do not have access to water when they are holed up for the winter, and it is 
reasonable to suspect that metabolic water and water from the stored food are 
their only sources. The data indicate, however, that the animals will drink a 
considerable quantity if water is available. 

The second experiment demonstrates clearly that the ability to store food has 
a profound effect on the time of onset of hibernation. Waddell (1951) has shown 
that noxious conditions such as illuminating the food bin will increase the stor- 
age of food by hamsters, and McCleary and Morgan (1946) have demonstrated 
similar reactions in the rat when it is exposed to cold. The denial of the ability 
to hoard when stimulated to do so by cold must upset the behavioral pattern 
of the animal so that the onset of hibernation is delayed, or, in the case of one 
animal in the cage on tambours, the period of hibernation abnormally shortened. 
This takes place in spite of the fact that there is obviously ample food obtainable 
at all times from the food containers. 

Again in contrast to the hamsters, the ground squirrels hardly touched food 
or water while they were exposed to cold and the fast is reflected in the great 
loss of body weight. This loss of weight bears out the recent work of Kayser 
(1952) with the European ground squirrel (Citellus citellus). He was able to show 
that the large weight losses observed in animals during the hibernating period 
were not due to loss of weight during hibernation, but were directly correlated 
with the amount of time the animals were awake during that period, for the 
process of arousal and the awake condition consumed a great deal of energy 
Thus in ground squirrel no. 1, which was awake a much larger proportion of the 
time, the weight loss was much faster (1.8 gms./day) than in ground squirrel 
no. 2 (1.1 gms./day 

Although laboratory experiments can not completely clarify the conditions 
that occur in the wild, it seems justifiable to draw from these results a sharp 
distinction between the preparation for hibernation in animals such as the 
ground squirrel on the one hand, and the hamster on the other. Under stimuli 
which have yet to be elucidated, the former animals grow extremely fat in the 
period previous to hibernation. Exposure to cold is then apt to cause almost 
immediate hiberation. If hibernation does not occur at once, denial of food will 
hasten it (Johnson, 1930, confirmed in these laboratories). Although the ground 
squirrel stores food (Howell, 1938), it is apparent that it can survive repeated 
awakenings with practically no nourishment by utilizing its stored fat. From all 
indications the woodchuck (Marmota monaz) is very similar to the ground squir- 


rel, for it becomes extremely obese by fall, and does not even store food in its 
burrow (Merriam, 1884). 

The hamster, on the other hand, apparently makes no physiological prepara- 
tion for hibernation until actually exposed to cold. Under the stimulus of cold 
exposure, it stores food and loses weight. If food storage is denied, hibernation 
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is delayed. Food storage is essential for the maintenance of the hamster during 
the hibernating period, for the energy necessary for the periodic awakening is 
soon exhausted if the stored food is removed and the animal cannot eat during 


1 


the periods of activity (Lyman and Leduc, 1953). Unpublished experiments in 





ese laboratories have conclusively shown in contrast to the ground 


squirrel, denial of food or water will never cause hibernation in the hamster, 


be expected in view of the importance of stored 


which is precisely what mi 
, } 


food. Thus the golden hamster is provided with a check against hibernation 


before food has been stored, which, under natural conditions, must protect the 
animal against starvation during the hibernating period. 

How the lack of food hoarding can delay hibernation is a problem in itself. 
Indications are that it is not the only psychic factor which can influence the 
mset of hibernation, for of the nine animals with a tivity wheels 01 ly one hiber- 


nated for a very short period, though all 


, 


ly exercise on activity wheels itself may have an effect on the onset of 


were exposed to cold for over a year. 


hibernation. In any event, it is evident that a behavior pattern such as storing 
an have a profound effect on the onset of hibernation in the hamster. That 
havior must be considered along with all the physiological factors when at- 
tempting to resolve the cause of hibernation certainly compounds the com- 


plexity of the prol lem 





SUMMA! 
series of experiments with golden hamsters (Mesocricetus 1 and 
t} rteen lined ground squirrels Citella lradece mlinec LuUs lt as tou! d that the 
iormer al imals lid not hibernate at once Dut int reased their 1ood nd water 
ke when moved to a cold environment hile the amount of exercise taken 
remained unchanged. In the two hamsters tha entually hibernated there was 
decrease of eating, drinking or exercise up to the time of hibernation. The 
hamsters ate and drank considerable quantities and exercised to some extent 
on eacl awakening from hibernatio1 Hamsters that were prevent 1d from hoard- 
¢ food showed a marked delay in entering hibernation. 
In contrast, the ground squirrels hibernated within 24 hours after exposure to 
old. In their periodic wakenings the ground squirrels ate and drank almost 
nothing and in consequence lost much of their stored fat. 


It is concluded that the ground squirrel is stimulated in some unknown way 


: hil wae nee exinemnsiy ol 2 re to cold brings 
prepare for hibernation by becoming extremely obese. Exposure to cold brings 
on hibernation quickly and the animal lives almost exclusively on his stored 
luring the hibernating period. The golden hamster, on the other hand, does 


fatten prior to hibernation, but is stimulated by cold to store food. This food 
is used during the periodic arousals in the hibernating period, and without the 
store the animal would perish. Denial of the ability to hoard causes a delay in 
the onset of hibernation and thus must provide the animal with a check against 
premature hibernation that would result in starvation. 
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METABOLIC DIFFERENCES BETWEEN THREE STRAINS 
OF PEROMYSCUS MANICULATUS 


By 8S. F. Cook anp J. P. HANNON 


The existence of metabolic differences between races of humans or animals 
has been subjected to two divergent explanations. According to the first of 
these theories, genetic differences are possible in the sense that one racial strain 
of the same species may show a higher or lower standard energy production than 
another irrespective of any immediate environmental considerations. According 
to the other concept, all quantitative variation in metabolic rate is a reflection 
of the influence of the local environment upon the individual, and through the 
individual the group. We have attempted to test these hypotheses in so far as 
one mammalian species is concerned by selecting representatives of three eco 
logical types, or races, subjecting them to a reasonable period of adaptation to a 
common environment, and then measuring the average standard metabolism. 

The species is Peromyscus maniculatus, the deer mouse, of enormous range and 


osmopolitan habit. The three localities from which the specimens were taken 


were respectively Berkeley, Tule Lake, and White Mountain, all within the 
state of California. The first principle guiding the selection was geographical 
ren ote ness, for each locality is separated trom both the others by veral hun- 
dred miles. It could therefore be presumed that any differences in standard 


metabolism would be referable to a fixed and stable population. Indeed, that each 
population represented a distinct strain appeared probable by virtue of devia 
tlons in length and color of the 1ul and the relative shapes and sizes of the ears, 
tall al d head 

The second prir ciple euiding selection of ocality pertained to the quantitative 
differences in two critical environmental factors, temperature and altitude, 
both of which might conceivably alter individual or group metabolic rates. The 
Berkeley environment extends from sea level to an altitude of 1,500 feet and the 
annual temperature range is from approximately 30 to 60°F. We have therefore 


no serious stress exerted upon the animals with reference to either ambient tem- 
perature or oxygen pressure. At Tule Lake the altitude is very close to 4,000 
feet. Thus, even though the oxygen pressure is somewhat less than at Berkeley, 
the difference is not sufficient to constitute a critical factor from the physiolog- 
ical point of view. At the same time, the annual temperature range is much 
greater. In the winter, the thermometer drops frequently below 0°F., whereas 
in the summer the temperature approximates that of Berkeley. A temperature 
stress with no appreciable deficiency in oxygen is thus present. The third group 
was taken from an elevation of 12,500 to 13,000 feet at the crest of the White 
Mountain Range, just east of Bishop in the Owens Valley. The chronic hypoxia 
due to high elevation is severe while the temperature throughout most of the 
year ranges from near 40 to below 0°F. A very great stress due to both causes is 
hence unavoidable. 
METHODS 

The mice were caught with simple can traps. A total of nine females and 18 

males were caught in the Berkeley area, 20 females and 14 males near Tule 
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Lake, and 11 females and 21 males at White Mountain. After capture the mice T 
were brought into the laboratory in Berkeley and established in regular labora n 
tory cages. All the animals received the same food, the so-called “green diet’’ p 


used successfully with laboratory rats and mice by the Institute of Experimental a 

Biology on this campus. This diet was to all appearances well-suited to Pero- 4 

myscus since all the specimens remained in evident good health. All the mice 

including those caught in the close vicinity, were subjected to an adaptation 

period of two months. It was felt that insofar as the individual animals were con- 

cerned this interval was sufficient for the completion of adjustments both to s 

temperature and altitude. After the lapse of sixty days measurements of meta ; 

bolic rate were begun Bod 
Oxygen consumption was used as an index to metabolic rate. Measurements M 

were made by means of a modification of the manometric technique as pre- 5 


viously described by Cook, et al. (1950). Each unit of the system consists of 


manometer filled with Brodie solution in connectior with an air tight respiratior 





chamber having a volume of approximately 14 liters. Oxygen uptake is measured 
through pressure changes which in turn are converted to terms of volume by Or ( 
means of the customary pressure-volume-temperature formula. Within the 
chamber, rbon dioxide and water vapor are absorbed by soda-lime and s 


saturated potassium hydroxide To compensate Io! the loss incurred throug! 
respirat xygen is introduced into the chamber at two-hour intervals, and 
therefore re: dings could be continued over as long a period as desired In pra 


tice it is found that periods of six hours in length are the most satisfactory 
t) 





Since the mals are withdrawn from their feed only just prior to placing then 

in the chamber . six-hour period encompasses the interval during which they . 

becom 1 Dsorptive If on the other hand the mice are prevented Irom eating C 

for s ours prior to the experiment and are then kept from food for a further ¢ 

six hours they will have reached a level of definite starvation Eithei proce lure 

conduces to some metabolic variation. We have considered, however, that les | 

harm is done the animals and less variation introduced into the data if the 

first method is consistently adhered to | th, 
Unavoid in dealing with whole-animal metabolism as described, the | se 

degree of physical activity constitutes the principal source of random error 

If we are to conserve the semblance of standard metabolism (since, of course he 

with su reanisms we cannot achieve a clinically basal condition), the use of th 

an anaesthetic, or other chemical agent is prohibited On the other hand, it is 4, 

legitimate to restrict the scope of muscular action by any means which does not we 

operate upo the biochemical level. We have. therefore, uniformly placed each ca 

mouse inside small cage made of fine gauge wire screen prior to introductio! ” 

into the respiration chamber. The effect is to restrict wide movemenis without r 


imposing uncomfortable constrictior 
Despite all precautions, the oxygen consumption of individual mice shows ti 
vide variation. Hence the attempt was made to utilize sufficient animals for 


long enough periods to nullify random deviation, or at least to bring it withu 


reasonable bounds from the statistical point ol view As indicated previously, 
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mate shown by the method described was 


the corresponding mean. Without using a 


difficult to reduce the random varia- 


thermo- 


regulated heater which kept the air of the laboratory very close to 24°C. Due 


to the heat given off by the mouse the temperature inside the respiration chamber 
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approximated 26°C. As indicated by thermometers the interior temperature did 


not vary more than plus or minus one half degree. Fluctuation between these 


limits could have no appreciable effect upon the metabolic rate of the animal, 
and meanwhile the manometric changes induced thereby, together with those 
referable to shifts in barometric pressure were corrected by the thermobarometer, 
as in the customary Warburg technique 


RESULTS 


In Table 1 are given for each group of animals the mean weight observed 
throughout the entire period of measurement, the mean oxygen consumption per 
animal per hour and the mean oxygen consumption per gram weight per hou 

The data in detail showed, as would be anticipated, a tendency for the total 
oxygen consumption to increase with size of animal and for the oxygen consump- 
tion per unit weight to decrease correspondingly. It might therefore have been 
preferable to express metabolic rates as a function of the body surface, or as a 
power function of the body weight as has been recommended by Kleiber (1932 
and other investigators. On the other hand with one exception the averag 
weights of all the groups of mice were very close to each other and the spread 
of individual weights within each group was very narrow, as may be noted from 
the standard deviations shown in the table. Indeed, preliminary calculations 
made it clear that very little would be gained by an attempt to eliminate weight 
differences by mathematical procedures 

The mean values for oxygen consumption as seen in Table 1 are in agreement 
with the general range of values shown by measurements on wild mice of com- 
parable weight as reported by Morrison (1948) and Pearson (1948). However 
special importance to the present study are the distinct differences of metaboli 
rate seen in the three populations when measured under standard conditions 

The populations from Tule Lake and Berkeley show a mean oxygen consump- 
tion higher than that found among the White Mountain mice. The differences 
are highly significant since the ¢ values, or the Critical Ratios of the means, rang: 


0 


from 3.1 to 6.5 (Table 1). At the same time, there is no significant difference in 
weight between populations of a given sex with the exception ye the females 
from Berkeley. The latter group, to be sure, differs widely in metabolic rate 
from the females from White Mountain but the statistical significance of this 
difference loses its force since the Berkeley females are considerably smaller thar 
those from White Mountain, and one might easily attribute the metabolic dif- 
ference to the disparity in size. That the size here is the responsible factor is 
borne out by the fact that the oxygen consumption per unit weight of the 
Berkeley females is also much in excess of that of the Tule Lake females 

With respect to the six groups as a whole, however, the data in Table 1 indi- 
cate that when expressed on a percentage, as well as an absolute, basis, the Whit 
Mountain mice tend to show a lower metabolic rate than those from either of 
the other two localities. Thus, when we set the mean O, consumption per animal 


per hour, or per gram weight per hour, of the White Mountain mice as equivalent 
to 100 per cent, the corresponding values for all other groups are clearly greater 
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than 100 per cent. The significance of these differences is demonstrated by the 


uniformly hig! values of ¢. or the Critical Ratio of the means 


DISCUSSIO 
That metabolisn may vary among sp¢ ‘ies of small mammals is indicated by 
the work of Morrison (1948), Hatfield (1939), Benedict and Lee (1936), Lee 
1939, 1940) and Benedict and Petrik (1930). Pearson (1947, 1948), having 


noted that between species of the same we ight range there mav be widely varv- 





rates of metabolism, took the vi that the metabolic rate is not closely 
ass ted with taxonomic, ecological or anatomical factors. Such interspecific 
variations have. however. been attributed t of the diet by 





Wu and Chen (1929) and to genetic influenc 


‘leiber and Cole 


The present study, which uses statistically adequate numbers of mice. indi 


cat leal that metabo variatio may exist within one species when the 
latter is segregated according to geographical races, even though the latter fall 
within the same weight range. T! ywer metabolic rate found in White Mou 
tain mice, as pointed out previously, cannot be ascribed to difference in weight 
between the specimens from this race and those from the races inhabiting the 
s of Berkeley or Tule Lake. Furthermore the racial distinction persists ever 
after all three groups have been maintained under conditions as nearly identical 
ssil period exceeding two 1 
~ er tors mict t ben oked 9 @eXT nation for the ower stal dard me 


tabolism of the White Mountain population. One of these might pertain to the 


oe er-all level of physical activity displayed by the three groups. The 
lence metabolism of consistent variation in activity during the determina 
tio! f oxygen consumption was emphasized by Benedict and Riddle (1927 
ster nd by Benedict and MacLeod (1929) with rats. These investigators 


found that a minor degree of activity is in general without effect upon metabolism, 





repeated intermittent activitv Mav induce an average increase ol 15 to 20 


per cent metabolic level. More recently Morriso1 1948) has demonstrated 
difference of 70 to 90 per cent exists between the minimum and maximum 
oxygen consumption of Peromyscus. The minimum occurs during the daylight 


hours, during repose, and the maximum at night, when the animals normally be 





ome most active. In our experiments the random fluctuations on oxygen con 
sumptio luced by rapid, casual and unpredictable changes in physical 


vere cancelled out bv the use of long exposure periods in the respiration 
chamber, restriction of movement during the experiment, and the employment 
of a reasonably large number of individual mice. Secular, or diurnal, shifts in 
exercise and hence in metabolic rate were obviated by measuring the gas ex 
change always during the same six-hour period, from 9 Am to 3 pm. With respect 
to the three strains of Peromyscus, no systematic and sustained difference in 

itv level could be detected 

In the case of any study with wild animals the ages of the individuals are not 


known. That the basal metabolism of humans decreases with age has been pointed 
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~ 


out by many investigators, for instance Harris and Benedict (1919). A similar 
fall in metabolism with advancing age has been noted with rats by Mitchell and 
Carman (1926) and Davis (1937). Despite a contrary opinion expressed by Bene- 
dict and MacLeod (1929), the view has been generally accepted that there is a 
reduction in metabolism as the animal grows older. Whether the age factor was of 
significance in this investigation of Peromyscus cannot be stated with certainty, 
for the possibility is present that the population samples may have been drawn 
in such a way as to show unintentional bias with respect to age. On the other 
hand, no such effect is readily detectable, and variation due to this factor was 
minimized by employing animals which were clearly adults as determined by 
hair color and body weight. 

Other potentially disturbing factors are season, environmental temperature 
at the time of measurement, and sex. These can be ruled out since the tempera- 
ture surrounding all the groups was identical from the time that they were 
brought into the laboratory, since the oxygen consumptions were all determined 
at the same time of year, and since the sexes were segregated as shown in the 
tables 

There remain, as possible determining factors, the features of the environ- 
ments from which the various animals were drawn. When these are examined 
there is found one strikingly distinct environmental condition which pertains 
specifically to the group native to the White-Mountain area. All the White 
Mountain animals used in this study were trapped at an altitude of from 12,500 to 
13,000 feet, indicating that in their native state they were the only group of the 
three investigated which had been subjected to conditions of hypoxia. The central 
question which arise in this connection are whether the low metabol rate 
demonstrated by this race at low altitude is characteristic of the race at high 
altitude, and if the low metabolism is an adaptation calculated to increase re- 
sistance to reduced oxygen tensions. It must be conceded that no categorical 
answer can be given at present to these questions 

Numerous investigations have been carried out. relative to the possible effect 
of hypoxia on the over-all oxygen consumption of mammals. Many of the avail- 
able reports indicate that the oxygen consumption remains unchanged during 
adaptation Recent evidence supporting this point of view has been brought 
out by Lipin and Whitehorn (1950), Houston (1946), Houston and Riley (1947 
and McCrery et al. (1943). On the other hand Blood et al. (1948), Kottke et al 
(1948) and Sundstroem and Michaels (1942) have shown that one of the first 
responses made by mammals when they are subjected to hypoxic conditions is 
a reduction of body temperature and respiratory gas exchange. The problem, 
therefore, must be regarded as still awaiting final solution. In the present instance 


the data clearly indicate that White Mountain Peromyscus maniculatus, when 


studied at low altitude, show a low metabolic rate in comparison with other 


strains of the same species. 
We can furnish no unequivocal clue to the physiological mechanism which is 
responsible for the observed low metabolic level. Nevertheless at least two rea- 


sonable hypotheses may be mentioned. 
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In 1932 Kleiber discussed what he called the “specific insulation” of an ani- 
mal, by which he referred to the length and thickness of the hair in the pelage. 
The White Mountain mice have fur which is definitely longer and thicker than 
that characterizing the Tule Lake or the Berkeley animals. The heat loss of this 
race is consequently less than that of the other two races under comparable 
conditions of cold and hence they would require less oxygen to maintain body 
temperature. This feature might be beneficial under the extreme winter condi- 
tions at the summit of the WI 


ite Mountain range. That this is a reasonable sup- 
position would be implied by the work of Sumner (1932) who cited many cases 
in which there is a natural selection of races of Peromyscus by virtue of a dis- 
tinctive pelage closely adapted to the native environment. 

In opposition to this theory, however, stands the fact that the mice from Tule 


] 


Lake showed the same metabolic level as those from 3erkeley, but a higher level 
than those from White Mountain. The winter temperatures at Tule Lake are of 
the same general degree of severity as those at White Mountain although the 
season of cold weather does not last as long. Hence to ascribe the metabolic dif- 


ference to the temperature factor leads to a serious inconsistency. 


The alternative suggestion is that altitude is the critical factor. If so then we 
must assume that the low oxygen tension characterizing the racial environment 
I son manner induced a reduction of metabolic rate and that the dif- 
ference between strains reflects a biochemical and tissue modification. Concern- 
ing the natur such a modification we have as vet no informatio1 

arrest 

Che standard metabolism of three races of Peromyscus maniculatus was meas 
ured | meal of the manometric method. The three strains were taken from 

represent widely varying environments: (1) Berkeley, California, 

St eve 1 with moderate temperature, (2) Tule Lake, California at 4,000 
feet and th low average temperature, (3) White Mountain, California, at 
12,500 feet and with low average temperatur 

The mice native to high altitude, when measured at sea level, have a lower 


standard metabolism than both groups native to low altitude. It is possible that 
there f enet difference involved. Such a difference might be manifested in 


ge or alternatively might be ascribed to the 


influence of hypoxia on the tissue metabolism of the White Mountain mice. 
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OLDFIELD MICE, PEROMYSCUS POLIONOTUS, OF 
SOUTH CAROLINA 


By ALBERT SCHWARTZ 


Bangs (1898a: 203) first commented upon the probable occurrence of oldfield 
mice (Peromyscus polionotus) in South Carolina. It was not, however, until 
1939 that Bangs’ assumption was proven correct. At that time, Coleman 
(1939: 505-506) reported the taking of three specimens of oldfield mice at three 
separate localities in South Carolina, ze., near Abbeville, River Falls near Green- 
ville, and near St. Matthews. Of these three localities, the first two are within 
the Piedmont physiographic province, while the latter is in the Atlantic Coastal 
Plain. Later Coleman (1948: 294) recorded the taking of a fourth South Caro- 
linian specimen 414 miles east of the Savannah River and about 12 miles west 
of Allendale; this is again a Coastal Plain locality. 

Professor Coleman, pursuant of his work on the mammals of South Carolina, 
has continued collecting specimens of P. polionotus from South Carolina and 
Georgia; certain differences in pelage color between Georgia and South Carolina 
material were noted by him, and his entire collection of these mice was loaned 
to the writer for study. I wish to extend my sincere thanks to Robert H. Cole- 
man not only for being allowed to study his series of specimens but also for his 
granting me permission to describe the new forms which have been discovered 
in this lot of material. Specimens have also been borrowed from several insti- 
tutions, and the writer is grateful for the courtesies extended him in this regard 
by the following: J. Kenneth Doutt and Dana P. Snyder, Carnegie Museum; 
Colin C. Sanborn, Chicago Natural History Museum; Miss Barbara Lawrence 
and Charles P. Lyman, Museum of Comparative Zoology; Stanley P. Young 
and Miss Viola 8. Schantz, United States Fish and Wildlife Service, Biological 
Surveys Collection; H. B. Sherman, University of Florida; Eugene P. Odum 
and L. B. Davenport, Jr., University of Georgia. 

In order to achieve a better understanding of the variation in the South Car- 
olinian material under consideration, the writer has examined specimens of 
P. polionotus from Georgia, Florida, and Alabama, as well as South Carolina. 
These specimens represent all the known races of polionotus. P. polionotus oc- 
curs in the southeastern portion of the United States; the relationships of this 
species are apparently with P. maniculatus as has been pointed out by Bangs 
(1898a: 201) and by Osgood (1909), who included polionotus in his maniculatus 
group. 

The races of P. polionotus fall into two rather definite categories: 1) a series 
of forms, on the east coast of the Florida Peninsula (phasma, decoloratus and 
niveiventris), and on the Gulf Coast of Florida (leucocephalus and peninsularis) 
that are exclusively beach inhabitants and that are quite pale in coloration; 2) 
a series of forms (polionotus, albifrons, and rhoadsi) that primarily occupy old 
fields and occur some distance from beaches. Although members of this second 
group may occur on the coast, they are predominantly old field inhabitants. 
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This second lot of races is rather darker in color; niveiventris of the beach form 
most resembles rhoadsi of the oldfield forms in coloration. 

Chapman (1893: 340) described Peromyscus niveiventris subgriseus (type 
locality: Gainesvelle, Alachua County, Florida). This form was raised to specific 
status by Bangs (1898a: 200) who stated that ‘“‘neither do I know of any point 
where its range meets that of P. niveiventris, and even if some such place does 
exist, the two species are so different that intergradation is out of the question.” 
At the same time, Bangs described two new forms of P. subgriseus: P. s. rhoadsi 
(type locality: head of Anclote River, Hillsborough County, Florida) and P. s. 
arenarius (type locality: Hursman’s Lake (Savannah River), near Bascom, 
Scrivin [sic] County, Georgia). The name of the latter form was later (1898b: 
214) changed to P. s. baliolus because of the preoccupation of arenarius. Osgood 
(op. cit.: 104-105) employed Wagner’s Mus polionotus as a name for these small 
mice; Chapman’s subgriseus had thus been antedated by fifty years. Also, Osgood 
made polionotus and niveiventris conspecific, and those subspecific names for- 
merly associated with both niveiventris and subgriseus were relegated to sub- 
specific ranking under polionotus. At the same time, Osgood placed subgriseus 
and baliolus in synonomy with P. p. polionotus. 

Examination of 59 specimens of Peromyscus polionotus from north-central 
Florida, including 24 specimens from the immediate vicinity of Gainesville, 
convinces the writer that P. p. subgriseus Chapman should be removed from 
the synonomy of P. p. polionotus Wagner. The type locality of the nominate 
race is Georgia, according to Osgood; likewise the type locality of Bangs’ baliolus 
(a synonym of polionotus) is Hursman’s Lake, Georgia, within the range of the 
race polionotus as understood at present. In this regard it is of interest to note 
that Bangs, in his description of arenarius (= baliolus), comments (loc. cit.): 
“P. subgriseus arenarius is readily distinguished from P. subgriseus typicus by 
its much darker, browner coloring. In P. arenarius the upper half of the tail is 
black, while in P. subgriseus typicus the tail has a narrow line of dark gray along 
the upper surface. The ear is also nearly black, while in P. subgriseus typicus it 
is gray.” Differences in pelage coloration as noted by Bangs appear to be quite 
constant; material from north-central Florida agrees well with the diagnosis of 
subgriseus and separates this race from polionotus. The tail likewise is generally 
lighter and the dorsal stripe is usually gray and narrow in subgriseus and black 
or dark brown and wide in polionotus. The coloration of the ears seems too vari- 
able to be used as a diagnostic character between these two subspecies. 

Aside from the paler coloration of subgriseus (between Avellaneous and Vina- 
ceous Buff on the side in fresh pelage, darkening to Buffy Brown dorsally) this 
race, as known by topotypes from Gainesville, Florida, differs from polionotus 
in smaller average size and shorter tail. Cranially, subgriseus averages s.naller 
than polionotus in measurements of greatest length, basilar length, zygomatic 
breadth, length of nasals, palatilar length, length of palatine slits, and diastema. 
From rhoadsi, the race with which subgriseus intergrades to the south, subgriseus 
differs in slightly smaller size and more gray (less brown) coloration; cranially, 
subgriseus averages smaller than rhoadsi in measurements of greatest length, 
basilar length, zygomatic breadth, length of nasals, and diastema. Although no 
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intergrades between subgriseus and albifrons have been observed, subgriseus 
differs from this more western race in being smaller and having a shorter tail, as 
well as being more gray in coloration. The cranial differences between subgriseus 
and albifrons are the same as those noted above in comparison of subgriseus and 
rhoadsi, and subgriseus also averages smaller in palatilar length. P. p. subgriseus 
is of course much darker than all the beach inhabiting members of the species 
and is thus easily differentiated from them on the basis of color. It seems from 
the above that the name subgriseus should be applied to that population of 
Peromyscus polionotus in north and central Florida which differs from adjacent 
populations in its smaller overall size and paler coloration. Localities from which 
material here assigned to subgriseus have been examined have been plotted 
(Fig. 1). Eleven adults from Newberry, Alachua County, Florida, differ from 
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Fic. 1.—Ranges of the old field inhabiting subspecies of Peromyscus polionotus in the 
southeastern United States; the ranges of the beach inhabiting forms (leucocephalus, 
peninsularis, phasma, decoloratus and niveiventris) have not been shown. Solid circles repre- 
sent localities from which specimens have been examined. Several localities in the immedi- 
ate vicinity of Gainesville, Florida, have not been plotted. The range of P. p. 
rhoadsi extends to the south on the Florida Peninsula farther than indicated here. 
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topotypical subgriseus in greater total length and length of tail. These individuals 
average close to polionotus from Screven County, Georgia, in external measure- 
ments; the skulls of all but two of this series are missing and consequently no 
adequate comparison of cranial measurements can be made. Osgood (op. cit: 
104) gives averages of external measurements for five adults from Gainesville 
which are considerably greater than those that the present study indicates as 
characteristic of this race. Presumably Osgood’s five adults were exceptionally 
large individuals. In all specimens presently assigned to subgriseus, the pale 
coloration is at once obvious. 

Study of the material at hand from South Carolina shows that the population 
of P. polionotus in South Carolina may be divided into two subspecies, both of 
which are undescribed. Since one of these new races occurs in Georgia, the type 
locality of Wagner’s Mus polionotus, it seems advisable at this time to restrict 
the type locality of Peromyscus polionotus polionotus Wagner to Screven County, 
Georgia. 

The two new races may be described as follows. All measurements are in 
millimeters and all capitalized color names are from Ridgway (1912). There are 
no significant differences between means of males and females from the same 
locality and consequently both sexes have been used in computing averages of 
external and cranial measurements. 


Peromyscus polionotus lucubrans, subsp. nov. 


Holotype.—Adult male, skin and skull, no. 1775, collection of Robert H. Coleman; from 
416 miles east of Savannah River on U.S. highway 301, Allendale County, South Carolina; 
taken by Robert H. Coleman, December, 21, 1941. 

Distribution.—Known only from South Carolina, north and east of the Savannah River 
and south and east of the Piedmont (Fig. 1) 

Diagnosis.—Similar to P. p. polionotus from Georgia and Alabama, but averaging some 
what smaller in certain measurements. Differs from P. p. albifrons and P. p. rhoadsi, as well 
as the beach-inhabiting races, by its darker coloration. Similar to P. p. subgriseus in colora 
tion, but less gray and generally with mid-dorsal band better defined. 

Description of type.—External measurements: total length, 119; tail 48; hind foot, 16.5; 
ear from notch, 12. Weight, 14.1 grams. Testes, 7 x 5. Cranial measurements: greatest length, 
22.3; basilar length, —; zygomatic breadth, 12.7; interorbital constriction, 3.9; length of 
nasals, 8.7; palatilar length, 8.6; palatine slits, 4.1; diastema, 5.4; alveolar length of upper 
molar tooth row, 3.2. Color: sides, Avellaneous grading to a dorsal band of Cinnamon 
Brown, moderately well defined, beginning on forehead and extending to rump. Cheeks and 
nose, Pinkish Cinnamon. Ears, Wood Brown, finely edged with whitish. Venter, white, hairs 
gray basally. Fore and hind feet, white. Tail, bicolor, Cinnamon-Drab dorsally, white 
ventrally. Dorsal and ventral coloration of body sharply distinct 

Characters and comparisons.—P. p. lucubrans differs from the other named forms of old- 
field and beach mice primarily in its coloration. From the races phasma, decoloratus, nivei- 
ventris, leucocephalus and peninsularis, lucubrans differs in its darker (more brownish) 


coloration. It is most closely approached in color by specimens of niveiventris, but this 
beach inhabiting form is, geographically, far removed and is still paler than specimens of 
lucubrans. Compared with specimens of polionotus, subgriseus, rhoadsi, and albifrons, P. p 
lucubrans resembles subgriseus most closely in color, but differs from that form in being 
larger and having a longer tail. It is separated from the range of subgriseus by the inter- 
vening territory occupied by polionotus. P. p. lucubrans differs from polionotus in paler 
coloration and smaller average size, from albifrons in darker coloration and smaller average 
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size, and from rhoadsi in darker (less reddish) coloration. Comparison of cranial measure- 
ments of lucubrans and the other subspecies of oldfield mice may be made in T: 
The variation in the series of twenty-three adult skins at hand is notewortby 





may be divided into four groups. These groups are correlated neither with geo; 
with season, and seem to be rather dependent upon age ol! the individual and degree of 
wear. Group 1 is composed of seven individuals that are graver than the type in color; these 
are skins taken in October and November and are presumed to represent the worn pelage 


t are brown rather than gray, but are not 





Group 2 is represented by seven specimens tl 


quite so bright as the type; this series grades imperceptibly into Group 3, of which there are 


‘ven specimens (including the type). The third group shows more reddish coloration; 
both Groups 2 and 3 contain specimens in fresl pelage and ; re here considered t | tYDi« ] 
of lucubrar Group 4 is composed of two individuals, taken in November yt re ex 


tremely pale dorsally. The sides are Avellaneous, but the typical dorsal stripe is very in 











conspicuous (Wood Brown). The crown and face generally are likewise paler than the r 
maining specimens. These two individuals have the darker brown pigment much reduced 
on the dorsum, and black pigment is absent; apparently they represent a very local popul 
tion of P. p. lucubrar t Talatha, Aiken County, South Carolina. The series of adults ir 
fresh pelage (Groups 2 and 3) varies in coloration from specimens which resemble the typs 
at one extreme to int the other extreme in which the sides are Wood B n and 
the dorsal! stripe is cl Brown. In this entire series the tail is always dis t] 
bicol 

Re The name lucubrans is derived from the Lat eaning ‘‘wor g gl 

1: allusion to the nocturnal activities of these small mi 

Coleman stat th P.7 cuora ippears t t ré ricted ~ st 

nd without particular regard to the luxurian¢ f the Weedy cover. The pre tat 
seems to be sandy fields adjoining cultivated land, especially land planted in cant pes 
cucumbers or watermelons. I have never taken them in the immediate vicinit 
nor on an f the sand barrier isl inds along the coa 

Specimens exe ned Specimens referable to races otl than P. p. lucul ve bee 
listed in the ‘Specimens examined’ section of the descripti of the ne I \ or 
South Carolina, as follows: Aiken Co., Atomic Energy Commission Savannah I Pl 
7; 4 mi. N Aiken, Shaw’s Cree on U.S. 1. 1: Talatl 29 Calhoun Co.. 8 1 } 
Orangeburg ( 5 mi. W Orangeburg on 8.C. highw 100, 1. Bamberg Ce ] eS 
hatchie River, 4 mi. W Denmark on 8.C. highway 70, 5. Barnwell C¢ Atomic Energy Col 
mission Savannah River Plant, 3; Ellenton, 1; 4 mi. S Barnwell on S. C. hig] 64, 2; 5 
mi. W Barnwell on 8.C. highway 70, 3. Allendale Ci 150 EK Savannah Riv S 
highway 301, 1. Jasper Co., 7 mi. SE Ridgeland on 8.C. highway 128, 1 


Peromyscus polionotus colemani, subsp. nov 
Holotype Adult female, skin and skull, no. 2076, collection of 


from 34 miles east of Campton, Spartanburg County, South Carolina (Campton is about 








2% miles southeast of Inman, South Carolina); taken by Robert H. Coleman, Novem 
27, 1947 

Distribution.—Generally, north of the Fall Line in South Carolina, Georgia, and Ala 
bama, as far west as Centerville, Alabama (Fig. 1 

Diagnosis.—The darkest of the described races of P. polionotus. Skull typic f the spe 
+7 


cies but differing in det 1118S as noted below 


Description of type -—External measurements: total length, 132; tail, 54; hind foot, 18 
7 | 


ear from notch, -14. Cranial measurements: greatest length, 22.9; basilar length, 16.9; zygo 
matic breadth, 12.3; interorbital constriction, 4.8; length of nasals, 9.4; palatilar length, 
4.3; diastema, 5.8; alveolar length of upper molar row, 3.3. Color: sides, Light Drab, grad- 
ing to a rather poorly defined dorsal band of Fuscous. Sides and dorsum overlaid with dark 
brown- to black-tipped guard hairs, giving a quite dark appearance. Cheeks, Vinaceous 


Buff. Nose and crown dark, overlaid with dark (Fuscous) hairs. Ears, Fuscous-Black, 
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A specimen recorded by Dice (1934: 346) from Tallulah Falls, Rabun County, Georgia, 
is presumed, on geographic grounds, to be assignable to P. p. colemani 

Coleman, who has collected P. p. colemani in South Carolina, states (in litt.) that this 
race “occurs chiefly in old fields in which few or no small trees or shrubs have become es- 
tablished, on weedy terraces, and in marginal land on ditch banks and the edges of culti- 
vated fields. At times these mice are relatively common in newly mown grain fields. Traps 
set in the same fields before the grain was cut caught no specimens. Nowhere have I found 
them to be really abundant. They appear to be indifferent to soil type, for I have taken 
them on rocky hillsides of red clay, in upland loamy soil, and in the black soil of river 
bottom lands. Their range extends well into the foothills of the mountains to an altitude 
of at least 1500 feet.’’ Howell (1921: 45) states of specimens taken at Autaugaville, Ala 
‘is apparently more abundant than 
in other sections visited. Here they live chiefly in cultivated land, particularly in corn- 
fields, but range also into open timbered tracts.’’ At Sand Mountain, Alabama, Howell 
loc. cit.) indicates that ‘‘they live in cultivated fields of cotton and corn, preferring sandy 


bama, and now referred to colemani, that this species 


soils, but ranging into some that are rather clayey and also to some extent into weedy 
hedgerows and the edges of open timber.’’ Sumner (1926: 159) collected material at Autau 
gaville, Alabama, and mentions that ‘‘practically all of the polionotus were taken within or 
on the borders of fields devoted to corn, cotton, and peanuts.”’ It is obvious that P. p 
colemani occupies within its range a wide variety of habitats; its predilection for old fields 
is apparent 

Of the five races of Peromyscus polionotus regarded as oldfield mice, there is a variation 
in the ratio of the tail length to total length. P. p. lucubrans has the relatively longest tail 


(38.2%). This race occupies the extreme northeast section of the range of the species. Bot! 


P. p. polionotus and P. p. colemani, the two races which occur below and above the Fall 


Line in Georgia and Alabama, show a variation in the tail-total length ratio, with popula 





tions in the eastern portion of the ranges of these two forms having the longer tails (37.4% 


and 37.1% respectively), and those in the western portion of the range of these two forms 
having the shorter tails (35.1% and 36.6% respectively). Both subgriseus and rhoadsi have 
tails of the same relative length (36 7% and 36 9% respectively alb fron has a rel 
tively longer tail (37 6%) as compared with subgr seus to the south and polionotus to the 
north. In general it may be stated that the eastern and northern populations and sul 
species have relatively longer tails than the western and southern populations and sub- 
species; albifrons on the Gulf Coast is an exception to this statement. No comparison has 
been made between the old field and beach inhabiting subspecies of polionotu 

Specimens examined P. p. coleman South Carolina, Greenville Co., River Falls 
2 mi. N Cleveland, 1. Spartanburg Co., Inman, 1; 1 mi. E Inman, 2; 1.5 mi. N Inman, 3 
34 mi. E Campton, 2. Abbeville Co., Abbeville, 1. McCormick Co., 3 mi. N McCormick, 1 
Georgia, Cherokee Co., 5 mi. N Canton, 2. Clarke Co., Athens, 3; Whitehall, 6. Alabama, 
Jackson Co., Sand Mountain, near Carpenter, 3. Bibb Co., Centerville, 1. Autauga C 
Autaugaville, 9 

P.p. polionotus: Georgia, Richmond Co., 16 mi. SE Augusta, 1. Jones Co.,7 mi. N Macor 
73, 12; Hursman’s Lake 
(Savannah River), near Bascom, 19. Johnson Co., Donovan, 3. Taylor Co., Butler, 16. Eman 


highway 129, 1. Screven Co., 1 mi. W Savannah River, highway 





uel Co., Adrian, 1. Turner Co., 9 mi. E Sycamore, 1. McIntosh Co., 6 mi. SW Townsend, 
5. Tift Co., 1 mi. E Tifton, 1. Alabama, Henry Co, Abbeville, 10. Florida, Escambia Co 
Century, 3. Washington Co., 3 mi. S Chipley, 2. Jackson Co., 3 mi. NE Graceville, 2; Mari 
anna, 17. Intergrades between P. p. polionotus and P. p. albifrons: Georgia, Baker Co., 
west bank of Ichawaynochaway Creek, 4 mi. below U.S. 91,3. Miller Co.,7.5 mi. E Colquitt 
1. Thomas Co., Thomasville, 3 

P. p. albifrons: Georgia, Grady Co., Beachton, 3. Florida, Gadsden Co., Quincy, 12. Wa 
ton Co., Whitfield, 6 

P. p. subgriseus: Florida, Alachua Co., Gainesville, 9; 2 mi. S Gainesville, 6; 2.5 mi. 5 


? 


Gainesville, 4;3 mi. 8 Gainesville, 1; 44 mi. N, 4% mi. E Payne’s Prairie, 1; 4 mi. N Payne’s 
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iA Prairie, 2; 14 mi. SW Lake Alice, 1; Newberry, 18. Dizie Co., Eugene, 2. Marion Co.. Me 
; Intosh, 5; 20 mi. NE Ocala at Lake Bryant, 1; Ocala, 4. County indeterminable, Ocala 
his National Forest, 5. Intergrades between P. p. subgriseus and P. p. rhoadsi; Florida, Lake 
“ ( Tavares, 8; Eustis, 11; Emeralda, 14 
ti- p. rhoadsi: Florida, Seminole Co., Oviedo, 6; 2 mi. E Oviedo, 6. Orange Co., Union 
ps I 1. Pasco Co., Dade City, 1. Hillst igh ( head of Anclote River; 1; Dug Creek, 
nd 6 las Co., Tarpon Springs, 1 
hasma: Florida, St. John’s Co., Anastasia Island, 12 
" lecoloratus: Florida, Volusia Co., Ponce Park, 9 
2 p. niveiventris: Florida: Brevard ( Chester Shoals, 1; Oak Lodge, east peninsula 
; e Micco, 9; 5.4 mi. 8 Indialantic 7.2 mi. S Indialantic, 1. 
leucocephalus: Florida, Escamlt Santa Rosa Island, 14. 
vl D. per lar Florida, Gulf Co., Cape San Blas, 18.8 mi. W Apalachicola, 10 
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AN ANALYSIS OF SUBSPECIFIC VARIATIONS IN 
DIPODOMYS NITRATOIDES 


By Ricwarp A. BooLoorian 


The present paper deals with a critical analysis of the subspecific variations 
in Dipodomys nitratoides. Grinnell (1922) discussed this species, the smallest of 
the San Joaquin Valley kangaroo rats, as three subspecies. These are D. n. ni- 
tratoides, D. n. exilis, and D. n. brevinasus. The species is distributed in Fresno, 
Kern, Kings, San Benito, and Tulare counties (Fig. 1 

The floor of the San Joaquin Valley is undergoing major agricultural expan- 
sion, and in all probabliity many of the burrowing animals of the valley may 
soon be eliminated from their present habitat and range. This is the case with 
the kangaroo rats. 

This study is necessary because it represents perhaps the last opportunity to 
examine Grinnell’s findings. Specimens were trapped and their localities mapped; 
then statistical methods were applied to various measurements such as tail 
length, hind foot length, red pelage color, bullae width, and skull length, in order 
to understand the systematic relationship among these subspecies. 

The photoelectric reflectionmeter was made possible by a grant, No. 1064, 
from the Penrose Fund through the American Philosophical Society to Dr. 
Lloyd G. Ingles. 

I wish to thank Drs. Albert C. Hawbecker, Lloyd G. Ingles, Charles H 
Quibell, Francis Smith, and Miss Alice Bell, all of Fresno State College. In 
addition I thank my wife to whom I am especially indebted for preparing the 
final copy, and verifying all mathematical calculations. 

Historical_—Mearns (1890) first described and named Dipodomys merriam 
It was collected from New River in Maricopa County, north of Phoenix, Ari- 
zona, (type locality). In 1894, Merriam described and named a new subspecies 
of the merriami group as D. merriami nitratus. This was collected at Keeler, on 
the east side of Owens Lake, California. Merriam’s description of D. m. nitratus 
referred to Mearn’s original description of D. merriami, and gave the general 
characteristics as smaller than Mearn’s D. merriami, with relatively larger hind 
feet, wholly different coloration, and with dusky markings obsolete. This sub- 
species of the merriami group is found nearest geographically to the subspecies 
under consideration here. 

Merriam (1894) then described two new subspecies from the San Joaquin 
Valley, California. Clark P. Streator collected the type specimen of one from 
Tipton, San Joaquin Valley, California, June 25, 1893. Merriam named it D. 
merriami nitratoides, and gave the general characteristics as similar to D. m. 
nitratus in size and color, but with a strongly marked facial crescent meeting 
over the bridge of the nose, and also with smaller ears. The second new sub- 
species named by Merriam was collected by Vernon Bailey in 1891, September 
23, Fresno, San Joaquin Valley, California, (type locality). The subspecific 


name given by Merriam was D. m. exilis; and the general characteristics of this 
subspecies were said to be similar to Mearn’s D. merriami, but smaller and 
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Fig. 1.—Showing Grinnell’s distribution of D. nitratoides and D. merriami (in part). 
[rapping sites of species under consideration is also showr 


darker, with the upper surface of the nose and the posterior aspect of the ankles, 


Grinnell (1920) described and named the third subspecies of the D. merriamz 
group as D. merriami brevinasus. It was collected by Richard Hunt at Hayes 


Station, near B. M. 503, 19 miles southwest of Mendota, Fresno County, Cali- 
fornia, June 30, 1918, (type locality). Grinnell (1920) described this subspecies 


as being a broad-faced, four-toed, small-sized kangaroo rat belonging to the 
merriami group. Coloration was similar to that in nitratoides but paler in tone. 
With respect to the skull it was nearest like nitraloides, in that the rostrum at 
the base and the premaxillary tongues were conspicuously narrower than in 
merriami but the mastoid bullae were larger and the mastoid width was de- 
cidedly greater, with the interparietal and supraoccipital narrower. The general 
size was very slightly larger than in nitratoides, but much larger than in ezilis. 

Grinnell (1914, I have not seen this article) placed D. m. nitratus into synon- 
ymy under D. m. merriami. According to Grinnell (1922), all members of the 
D. merriami group definitely and invariably lack the first toe and claw on the 
hind foot. 

In Grinnell’s study of kangaroo rats of California (1922) comparisons were 
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made between D. m. merriami and D. m. nitratoides. At a first glance nitratoides 
appears to differ but scarcely at all from merriami, but with close examination 
Grinnell found many excellent distinguishing characteristics. One unfailing 
characteristic is external; the dark dorsal and ventral tail stripes in nitratoides 
are broader than the white lateral tail stripes. Conversely, in merriami, the 
white lateral tail stripes are always broader than the dark dorsal one, and the 
dark ventral one is even narrower or almost lacking. Cranially, nitratoides re- 
sembles merriami in many respects; however, there is a very positive difference 
in the narrowness of the rostrum. In nitratoides the sides of the rostrum are 
more nearly parallel to one another, and the angle formed by each side with the 
anterior margin of the adjacent maxillary arch is better defined and less obtuse. 
The nasals and the rostrum itself are distinctly shorter. 

Grinnell found these external and cranial differences constant in the material 
he studied; hence the specific status of nitratoides was described and established 
by him (Grinnell, 1922). 

Grinnell, in this same study, compared the three subspecies of D. nitratoides. 
In the comparisons, he discussed the status of D. n. exilis as similar to D. n. 
nitratoides in general characteristics, but decidedly smaller in size. He asserts 
that a glance at the ear, hind foot, and skull is usually sufficient to make iden- 
tity of any specimen certain. Ezilis is the darkest member of its group, the 
bullae are much smaller than in nitratoides, and the rostrum much shorter. 

Only four specimens of this subspecies were available at the time of Grinnell’s 
study. Many efforts were made by him to get fresh specimens, but he failed in 
his attempts. At this time it was thought that the subspecies was extinct be- 
cause of intense cultivation of the area. 

After a series of trappings Culbertson (1934) showed that exilis was not ex- 
tinct and that its range was greater than had been supposed. The specimens 
collected by Culbertson were from areas east, west, and south of Kerman, 
Fresno County, California. 


METHODS 


In the course of this work 300 Dipodomys nitratoides were trapped in Fresno, Tulare, and 
San Benito counties. From these specimens, 55 adults of each of the three subspecies were 
selected. Adults were determined by size, molt, color, measurements, and cranial and dental 
differentiations. The animals were prepared as conventional study skins. 

An attempt was made visually on the basis of color and size to separate the species into 
the three categories of Grinnell. This proved unsuccessful. A similar attempt was made to 
separate them into two groups. This was successfully done, but the reliability of such a 
method of segregation could be questioned. The D. n. ezilis appeared to be about the same 
size as D. n. nitratoides, and D. n. brevinasus appeared to be, on the average, much larger 
than the other two groups. 

Discarding the above methods, the next attempt involved a statistical interpretation of 
the variables usually considered in such a study. The tail vertebrae were measured from a 
point on the upper side at the base where the tail can be bent at right angles to the body. 
The hind foot was measured from the posteriormost point on the heel to the tip of the 
longest claw. Breadth of skull across bullae was measured across the widest possible trans- 
verse dimension of the skull taken at right angles to its axis. The skull length was measured 
by taking the length parallel to the axis of the skull with one jaw of the calipers touching the 
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TABLE 1.—Summary of measurements. The first figure given is the mean, the second is 
SD 


the standard deviation | SD = 4/= , the third the standard e ror( SE = *. / y the 


fourth the number of specimens measured 


Per Cent Condylobasal 





ngth nd Foot Rag A oem Sulla Widt! 
Lengtl H I Red Picment Bulla Width Leneth 
D. n. nitratoides 137 .66 34.0 15.8 21.64 29 .88 
6.748 .953 1.369 696 927 
927 129 .185 098 131 
53 55 55 50 50 
D exil 137 .43 33.4 16.2 21.65 29 .74 
6.391 1.037 1.867 522 0 
878 139 264 074 102 
53 55 55 50 0 
D. n. brevinasus 148.79 36.0 i? 22.60 3.42 
8.974 944 1.692 522 .759 
1.233 .127 228 .074 .107 
53 55 55 50 50 


anterior base of incisors and the other jaw touching the posteriormost points on the two 
backward bulging bullae. Red pigmental measurements were taken with a photovolt photo- 
electric reflectionmeter. Qualitative measurements of the red color of the pelage were easily 
obtained as per cent of the reading obtained from light reflected from magnesium oxide. All 
pigmental readings were made on a dorsal area just anterior to the pelvic girdle. 

All linear measurements are in millimeters. A vernier calipers was employed in the skull 
measurements; measurements are correct with a margin of error of less than one-tenth of a 
millimeter. Table 1 summarizes the means, standard deviation, and standard errors of the 
five independent measurements. The reduction in the number of specimens as shown in 
Table 1 resulted from specimens damaged by trapping 

Grinnell’s descriptions and comparisons of the three subspecies of Dipodomys nitratoides 
make reference to bullae size condylobasal length, hind toot, and pelage color as the dis- 

— ing characteristics 

In this study the method of Dice and Leraas (1936) has been used to portray the vari- 
ations in the five measured characteristics (Fig. 2). The mean is shown as the perpendicular 
line at the center of each figure, the extreme limits of the sample are shown as the ends of 
the fine lines, the standard deviation as the heavy line, and the boxes are twice the standard 
error on each side of the mean. In general, if the vertical positions of the boxes do not over- 
lap, the wens in question will show a ¢ value in excess of the 5 per cent limit; that is, 


there wi 





be a significant difference between the populations 
TRAPPING SITES 
Trapping of the animals was conducted at three separate sites, actually at one particular 
site for each subspecies. The entire work was confined to the three areas covering Fresno, 
San Benito, and Tulare counties. The animals were trapped between September 19, 1952, 
and January 15, 1953. To show how much variation is present in the habitat of each sub- 
species a brief ecological description of each site follows 
Site one.—This area is located exactly 21.5 miles west of Fresno or 6.5 miles west of the 
junction of Highways 180 and 145, on Highway 180. At this site there are two types of 
terrain. Over most of the area there are elevations and depressions up to six feet. During the 
rainy season the depressions become temporary ponds. Lack of drainage results in a heavily 
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Fic. 2.—Graph of measurements of the length of the tail vertebrae, the length of th 


hind foot, the condylobasal length, the bulla width, and the percentage of red pigment. See 
text for explanation 


alkaline soil, especially in the depressions. Here also the surface dries hard during summer 
months 


Burrow systems were never observed in the low depressions. The soil on the elevated 
regions is alkaline also, but it is soft and light, often the surface is a powdery dust, making 
an excellent situation for burrow systems. The only vegetation is on the raised spots and 
consists chiefly of grasses and alkali blite (Suaeda maguini 
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The other type of terrain consists of flat i 
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( rea is now being level or cl I entire area west o 
Ke ll be under cultivation within tl n yé ill definitely eliminate 
he hal of Grinne ubspecies cause the s Fresno kangaroo 
Site t ADI roximately llr S Cast « I nad San Ber California Pan 
I Quadr angle U S G S I rang N_G in € le vatior fron 8) 1800 fe et whe re 
mall are number of varied rodent | I be found 
T trapping site is located i n Eph ymmu The habitat « the D. 1 
tops of rolling hil ene alone oe on nd flats are broad 
r ute being generally abser These slopes and s extend down to 
e change loy ill imme 
he thre i uals four these ns, 
( Lepidium nit the perer 1, F iG 
nica are found on ths tops. The is f n 
; Hawbecker. 1951 ee ae aeE ays 
if Valle 
rapping « ybse t1lor naicat I I the a n S OI his site ré s f 
P ° . P Lev | ] } “a U4 nelens 
t] natus, Dipodor ae V f 
. thre This site is located two mile theast of Angiola, Tulare County, Cali 
rnia. Most of the immediate territory is under cult und probably within the next 
de e the entire region wv be cultivated. The territory where trapping was first conducted 
s relatively flat with only a few minor uplifts o ounds. This feature evidently influences 
he choice of habitat by D. n. nitratoides; the mal is not abundant on this type of terrain 
Sir uring tl rainy s yn, the entire flat is mudd and unsuitable for kangaroo rat 
i yw 
rhe first two trips to thi gion resulted in only eight specimens. On the third trip many 
syste were discover long the ] ined, low banks bordering the roads 
ere set at these burrow systems, and many D. n. nitratoides were trapped. Evidently 
tl ni s are bette apted to this habitat because the banks are ele ted three or four 
feet. This enables the animals to survive unfavorable ¢ ronmental conditions. The typical 
life in this territory is alkali blite (Suaeda moqui1 common spikeweed (Centromadia 
punge?r farmer’s foxta Hordeum 1 r and wild barley (Hordeum depressum 
Trapping records indicate the presence of D. heermanni, Peromyscus maniculatus, Perog- 
nath nornatus, and Reithrodontomys megalotis 


DISCUSSION 


1940 


As the taxonomy of subspecies must of necessity be based on morphological 
characters (Dice. 


a discussion of the pelage and the dimensions of the 
body and its parts will form the basis of this work. 


) 


The Dice-Leraas (1936) method, as previously mentioned, was used to com- 
pare the variables (Fig 


limit among all three subspecies 


On the basis of this, the hind foot is the only meas- 


ured characteristic that shows a significant difference in excess of the 5 per cent 





576 JOURNAL OF MAMMALOGY Vol. 35, No. 4 


Grinnell (1922) stated that the barrier between ezxilis and nitratoides is the 
Kings River, which enters the San Joaquin Valley from the eastern side of the 
valley and runs in a southwesterly direction; then, at Lemoore the river branches, 
and one section enters the Tulare Lake basin, and the other extends northwest 
towards Mendota. Therefore, this river also serves as a barrier between the 
two assumed valley races and brevinasus. The Kings River serving as more than 
a weak barrier is questionable, because records of this river’s history, kept by 
Mr. Charles L. Kaupke, Chief Engineer and Watermaster of Kings River Water 
Association, Fresno, California, dating back to 1871, indicate the river dried up 
as far east as Reedley, California, in 1924 and 1931. Also Mr. Kaupke stated 
that at least five months out of the year the river is dry west from a point fou 
miles southwest of Laton. At this location there is a weir that prevents water 
from going any farther. Before man’s control of the Kings River, it was learned 
from the same source, the river did not hold a true course for any period of time 
Many times the river has changed from its old route to a new one. Since all of 
the above conditions have existed from time to time, it seems reasonable that 


the Kings River should not be considered a geographical barrier. The same con- 
dition holds true in relation to brevinasus as with the two valley races. Brevinasus 
apparently prefers a soil type of low alkali content, and is found at a higher 
altitude where climatic conditions may be slightly different from valley co1 
ditions 

s iIntarnrat< y { hese dats ha+ /] ] } wld . lanad ir 

[he interpretation of these data is that D. n. « gs should be placed } 
onyn ith D. n. nitratoides. 1, therefore, place D. n. exilis in synonymy under 


D. 9 traloides in accordance with Article 28, Recommendation c, Law of 


Priorit’ Internation: Code ol Zoological Nor 1enciature MeMaster anda 


SUMMARY 


Fifty-five specimens of D. nitratoides were selected from larger collections at 
each of three sites. The Dice-Leraas system was employed for statistical inter 
pretation ol measure 1 variables. There were no significant differences betwé 
D. n. exilis and D. n. nitratoides, with the exception of the hind foot; significant 
differences existed between D. n. brevinasus and these two races. Hence. D 
exilis is reduced to synonymy under D. n. nitratoides. A problem that sho 
be considered in the future is the range of the two subspecies 
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Walker Lake, Mineral County on July 23, 1949. Robert Bandoni, student presently at Iowa 
State College, reports to me that a ring-tailed cat was struck by a car along the west side of 
Walker Lake some time in 1950, and that he was able to see the specimen, which was sub- 
mitted to a Mrs. William Lyle of Hawthorne to be mounted for display. There is a mounted 
individual on deposit at the U ey of Nevada. According to Dr. Ira La Rivers that 
specimen was obtained by Professor C. L. Brown, formerly of the University of Nevada, 

an unknown date, from a person at ven Nevada, who had it for a pet. Whether the animal 
came from the Verdi area is not known. These records extend the known range of this species 
in Nevada at least 175 miles further north than the range suspected by Hall, and approxi- 
mately 325 miles distant from the nearest published record in Nevada. 

Sciurus griseus Ord.—Gray squirrel. On eigenen 28, 1952, my wife, Beverly, and I ol 
served a single gray squirrel loping among the needle litter and Ceanothus brush in a open 
second-growth a des pine forest near the Clear Creek Highway at 6000 feet, three miles 
south and five miles west of Carson City, Ormsby County, in the Carson Range. This in- 
dividual is referred to the species S. griseus on geographic grounds, for that species is know 
from adjacent regions of the Sierra Nevada in California. We watched the squirrel for 
almost a minute from a distance of about thirty feet as it worked about in a clearing along 
the highway. Its large, bushy, dark and white tail and pale gray body were closely ob- 
served, making the identification certain. This appears to be the first published record of its 
occurrence in Nevada 

Phenacomys intermedi lsus (Howell). Sierran Phenacomys.—Mr. John 8. Spencer of 
teno and I took a male of f this species on May 17, 1953, one-h: If mile south of Grass Lake at 
a point two and one-half miles east and one mile south of Mt. Rose peak at an elevation of 
7800 feet, in the Carson Range of Washoe County. The following measurements were taken 
from the specimen: total length, 135 mm.; tail, 30; hind foot, 19; and ear from notch, 14 
To my knowledge this is the first known occurrence of this species in the state of Nevada. I 
thank Dr. E. Raymond Hall for identifying the specimen. The animal was caught in 
homemade intermediate rat-mouse kill trap, baited with a peanut butter-raisin mixture, set 
at a burrow hollowed in a mat of needles and wood debris beneath a small “ee oe pine 
next to a snowbank. The locality is in the Sierran Subalpine Forest vegetational type with 
red fir and white fir in mixed, thin stands, and second-growth Jeffrey pine secondaril; 
dominant. At least fifty per cent of the ground was snow-covered at the time of the capture 
and the ground supported a good growth of Ceanothus. Low herbaceous species were un 
common, and the soil was sandy with large granitic boulders scattered about. In additior 
to the Phenacon ys we captured at this locality nine Peromyscus maniculat ind three 
Microtus longicaudus in our line of thirty-four rat and mouse traps. Spencer captured a 
chipmunk by hand which we have tentatively identified as Eutamias amoenus. The wet 
ground at a nearby spring is inhabited by the mountain beaver (Aplodontia 1 
examined an Aplodontia captured there in a muskrat trap in May, 1948 


I wish to express my appreciation to all of the persons who have made their records 


Z 


available to me for this report. Dr. Hall examined the manuscript and made helpful sug- 
gestions—Nep K. Jonnson, University of Nevada Museum of Biology, ia Nevada 
Septe mber 30. 19538 


NEVADA MAMMAL RECORDS 


Since the publication of E. R. Hall’s MAMMALS OF NEVADA in 1946, several new records 
have pois which seem worthy of publication. Two species may be added to the 
mammals known to occur in the state 

Sciurus griseus griseus. California gray squirrel.—This species has now been collected 
at Verdi, Washoe County, near the California state line, and seen several times along the 
base of the Carson R¢ ange between Reno and just south of Carson City. This squirrel occurs 
along the west slope of the Sierra Nevada at least as high as 7700 feet at times. It could 
cross the northern Sierra Nevada in regions much lower than this but perhaps has not 


become better established in Nevada because of the absence of oak trees. 
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Myocastor coypus. Nutria.—Introduced in Lahontan Valley, Churchill County, over ten 
years ago, and more recently in Truckee Meadows, Washoe County; this Central American 
rodent has now become established in the wild especially in the Lahontan Valley. 





Several marked range extensions or new records of little-known species of mammals in 
Nevada can be listed: 

Lasiurus borealis. Red bat.—A specimen from Reno, Washoe County, adds to the pre- 
vious two records from Clark and Churchill counties. 

Ursus americanus. Black bear.—Described by Hall as just from the Sierra Nevada Faunal 
Area in Nevada, there are records now of this bear’s occurrence in the Pine Nut Range to 
lso at least two records from Elko County, some 300 miles 


the east (Douglas County) and a 
to the northeast. These latter records are presumably U. a. cinnamom im, as in Idaho. 


Bassariscus astutus. Ring-tailed cat.—There are two records to be added from Peavine 
Mountain near Reno, rather than from just the southern third of the state. The new records 


1 
appear B.a. raptor, as in central California, instead of the desert subspecies nevadensis. 
The variety raptor occurs not more than 15 miles west of the Nevada state line and has 


Nevada lower than some of its range in eastern Cali- 








probably crossed parts of the Sierra f 
fornia 

P n lotor. Raccoon.—Various records now extend the raccoon’s range east to La 
hontan Valley and down the Humboldt River to Lovelock, Pershing County. 

Castor canader Beaver.—Beavers are now introduced (chiefly C. c. taylori from Idaho) 
int I the west-central rivers (Truckee, Carson, and 
Walk ly but are now well established in some regions 

( nader lsoni. I a) upit were introduced into the Charleston 


Mountains, Clark County, over 20 years ago and are reported from several sources as still 


present in small numbers 

Lex U7 tahoer Snowshoe rabbit.—Three new records of this species from 
the |] Tahoe region can be adde to Hall’s single record 

With the exception of the bear, raccoo1 nd elk, these records are substantiated by 
g nens but the juirrel in the University of Nevada zoological collections. The 
¢ I 0 ecords ar 8) is! nd ind other trapping reports 





Hawa Submitted October 9, 





MERRIAM’S LIFE ZONE CONCEPT AND THE DISTRIBUTION OF CERTAIN 


I | 


SMALL MAMMALS IN CENTRAL NEW YORK 





OI 1894) has, in the last two 





M ’s life zone concept of plant and animal distribution 
1 es, been widely criticized by a number of botanists including Livingston and Shreve 
192 i Daubenmire (1938). More recently zoologists have figured prominently among 
the tic These have included Ruthven (1920), Dice (1923), Kendeigh (1932), Shelford 
1932, 1945), Peterson (1942), and Odum (1945). The present study is an attempt to demon- 
strate the validity or invalidity of Merriam’s life zone concept in relation to the distribution 
of certain small mammals in central New Yo 


The study area, located in the Finger Lakes region of central New York, lies two miles 
east of the south end of Lake Cayuga. This ar s does most of New York state, lies within 
Merriam’s Transition Life Zone (Merriam t.). Peninsulas of the Upper Austral Life 
Zone extend into northwestern New York in the I 
itposts of the Canadian Life Zone occur in 


ilo-Rochester area and also north- 





ward along the Hudson River valley. Southern ot 
he Adir¢ ck and Catskill mountains. However, the nearest portion of the Canadian Life 
Zone proper lies roughly 200 miles to the north of the study area in southern Canada 


The vegetation of the study area is divisible into three major associations, each of which 
comprises about 15 acres. These include a) an elm-maple-ash-yellow birch swamp associa- 


tion, b) a beech-maple association, and c) an elm-oak-hickory-hornbeam association. A 


fourth division of the vegetation is the forest edge, a band of vegetation lying between the 





woodland proper and the immediately adjoining fields 
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In an attempt to sample the composition of the small mammal population in the study 
area, five quadrats, each ten meters square were established. Two quadrats were placed in 
the swamp association and one each in the elm-oak-hickory, beech-maple, and forest edge 
habitats. During 1060 trap nights in September, 1949, and 1000 trap nights in June, 1950, a 
total of forty-nine small mammals were taken. Two of these mammals were smoky shrews 
(Sorex fumeus fumeus) and one was a red-backed mouse (Clethrionomys gapperi gapperi 
These two species have definite Canadian Life Zone affinities. The Transition Life Zone is by 
definition a zone which includes faunal elements of both the Canadian and Austral life zones 
Nevertheless, because these mammals with Canadian Life Zone affinities were taken ex- 
clusively from a single one of the swamp quadrats it was decided to analyze the swamp 
association from the standpoint of Merriam’s life zone concept. Was this fifteen acre swamp 
association actually Transitional ,—or could it validly be called a part of the Canadian Life 
Zone? 

Merriam based his life zone boundaries on mean temperatures occurring during the six 
hottest weeks of the year. A thermograph was employed, therefore, to obtain these data for 
the swamp association. These temperatures were then compared with corresponding data 
recorded at the Caldwell Field Weather Station located only one mile west of the study area 

As previously stated, most of central New York lies within Merriam’s Transition Life 
Zone. As determined by Merriam, this zone is limited on the south by a mean temperature 
of 71.6°F. during the six hottest weeks of the year. The northern limit of the Transition 
Zone, which is in effect also the southern limit of the Canadian Life Zone is determined by 
a mean temperature of 64.4°F. during the six hottest weeks of the year. Therefore, the 
average temperature difference for that period for the entire breadth of the Transition Life 
Zone is only 7.2°F. However, in the present study the average temperature difference for 
the six hottest weeks of 1949 between the swamp quadrat, which registered the lower tem- 
perature, and the Caldwell Field Weather Station was 9°F. This is 1.8°F. in excess of the 
corresponding average temperature range over the entire breadth of the Transition Life Zone! 

How then shall the swamp association be classified in terms of Merriam’s life zone con- 
cept? If Merriam’s principles were applied to this relatively minute area, one would have no 
recourse but to regard the swamp association, from which the smoky shrews and red-backed 
mouse were taken, as an isolated relic fragment of the Canadian Life Zone. This fifteen acre 
swamp association therefore represents a tiny Canadian Life Zone “‘island’’ in the heart of 
the Transition Life Zone. The closest portion of the Canadian Life Zone proper is in southern 
Canada fully 200 miles to the north. 

Merriam’s life zones in eastern United States present roughly a pattern of broad bands 
passing in an easterly-westerly direction. His life zones are relatively simple in delineation 
and quite all-inclusive. However, a considerable portion of central New York is char- 
acterized by bogs or swamps very similar to that described in the present study area 
Perhaps hundreds of such Canadian Life Zone “‘islands’’ occur throughout the Transition 
Zone in central New York. Merriam’s Life Zone map (1894) indicates the occurrence of an 


exclusive Transition Zone fauna in central New York. In the light of the present study this 
is manifestly misrepresentative. An accurate life zone map of central New York would 
indicate a large number of tiny Canadian Life Zone “‘islands’’ occurring throughout the 
Transition Zone. Such a map would demonstrate a much more complex and irregular 
faunal distribution in central New York than presented by the over-simplified life zone map 
of Merriam 
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GRAY BULL MAMMALS FROM THE KNIGHT FORMATION IN MOFFAT 
COUNTY, COLORADO 


During the field seasons of 1952 and 1953 parties from the University of California Mu- 
seum of Paleontology, Berkeley, secured large collections of vertebrate remains from 
stratigraphically lower levels in the Knight formation than have hitherto proven fossilifer- 
ous. The new localities are in northeast Moffat County, Colorado, mostly in the region of 
Four Mile Creek, a tributary of the Little Snake River. Presence of such forms as Nycti- 
therium, Apheliscus, Peratherium or Peradectes, Phenacolemur, Wasatchia, two types of 
multituberculates, and primitives species of Cynodontomys, Hyopsodus and Tetonius sug- 
gests an age equivalent to that of the Gray Bull fauna of the Bighorn Basin, Wyoming. Such 
additional specific identifications as have been made to date strongly reinforce these con- 
clusions. Mammalian genera now known only from the Lost Cabin fauna or its equivalents 
are not present at any of the newly discovered localities in Moffat County. More accurate 
age determination within Wasatchian time must await thorough study of the collections 
with particular consideration of paleoecology and of the fact that the geographic position 
of the localities is approximately midway between the classic collecting grounds of north- 
western New Mexico and northern Wyoming. I wish at this time to designate the material 
from the Moffat County sites as representative of the Four Mile Local Fauna, this name be- 
ing in reference to Four Mile Creek.—Matcotm C. McKenna, Department of Paleontology, 
University of California, Berkeley. Received October 13, 1953. 


THE SWIMMING OF THE OPOSSUM, DIDELPHIS 
MARSUPIALIS VIRGINIANA 


During recent studies in connection with the preparation of a volume on the mammals 
of Pennsylvania I have had occasion to examine literature on the life history of the opos- 
sum, Didelphis marsupialis virginiana. Although several authors mention that the opossum 
swims, I have not found any description of the manner in which it accomplishes this. It 
seemed desirable, therefore, to examine this matter more carefully. 

On February 2, 1953, I placed an opossum in a bathtub full of water at 5:10 pm. The 
opossum immediately dove under the surface of the water and swam the length of the tub 
(about 5 feet) before coming to the surface again. Its toes were spread wide apart. It swam 
with an action similar to that of a pacing horse; that is, the front and hind legs on the right 
side went forward together, while the front and hind legs on the left side came back on the 
power stroke. As its swimming strokes alternated from side to side, its tail also swung from 
side to side—which recalled to my mind the sculling of a boat. After the first short spurt 
under water it came to the surface and swam with its nose above water. Very shortly after 
being placed in the water it defecated, and during the course of the experiment this occurred 
twice again. After swimming for about five minutes the animal seemed a little tired and 
stopped to rest with its nose out of the water, its legs spread wide apart, and its tail out- 
stretched. Its vibrissae were also spread wide. It appeared to float with ease. 
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After the first few minutes it changed its stroke from the pacing action to a walk-like 
motion, this time striking out with the left front foot, then the right hind foot, and so on. 
As the experiment progressed this stroke was used more than the original. It gave the im- 
pression of being a strong and experienced swimmer. Five strokes were sufficient to carry it 
the length of the five-foot bathtub. The hind legs reached far forward, up against the belly, 
and the forelegs reached almost to the neck. It was able to open and close its nostrils at will 
and sometimes rested with its nose under the water. 

Although it was evidently a strong swimmer, it seemed to tire quickly, and frequently 
stopped to rest. I was not convinced that any of the sounds it made were definitely vocal, 
although it did produce a slight gurgling, grunting or snuffling noise. We could not certainly 
determine its source, but it may have been produced by bubbles being blown out through 
the nose. After the opossum had been in the water for 30 to 45 minutes it showed definite 
signs of fatigue. It rested with its head curled up against the side of its body, its tail bent 
forward with a small half inch cur! in the tip. 

At 6:03 we drained the tub. The opossum had been in the water for 53 minutes. During 
that time, however, it had had two or three rest periods, at which time the water was par- 
tially drained from the tub and the animal was allowed to rest on the bottom for five minutes 
or so before the tub was refilled. It was very tired, very cold, shivering and holding on to the 
drain. We lifted it out, dried it off and tried to warm it in front of an electric heater, but 
it continued to shiver. A thermometer was not available, so we were unable to take the tem- 
perature of the water, but it felt cold to the touch, although some warm water had been 
added to that from the cold water tap. 

It seemed evident that this 53 minute immersion in the cold water was too much for the 
opossum, although we did not realize this until near the end of the experiment. I was much 
concerned about its well-being, so I fed it warm milk and bread, wrapped it in a warm blan- 
ket and placed it near the radiator. It gradually warmed up and by morning was quite 
normal again 

This experiment indicated that, although the opossum is a strong swimmer and has no 
fear of the water, it is not likely that it would voluntarily swim for any length of time in 
cold water. In fact, long immersion might kill it. It would seem, therefore, that a wide body 
of cold water could be an effective barrier to the distribution of the opossum 

On the evening of April 13, 1953, I captured another opossum. This was a young male, 
about half grown. It was kept in a cage until the evening of April 14. At 10:06 pm it was 
placed in a bathtub. Although the tub was filled with water nearly to the overflow outlet, 
the water was still not deep enough to prevent the opossum from resting occasionally on the 
bottom of the tub 

Immediately after being placed in the water it dove beneath the surface and swam ap- 
proximately the length of the tub (five feet). Then it came to the surface and swam the 
length of the tub two or three times. It defecated in the water, then rested with its hind 
feet on the bottom of the tub. After a short rest it began to swim again, from end-to-end 
of the tub. This time its swimming seemed almost frantic. Its forked penis was distended 
and quite obvious 

When it first began to swim, it had the pace-like action described for opossum number 
one; later it swam with a walking motion—as the front leg came back for the power stroke, 
the hind leg on the same side was reaching forward. A little later it was observed to swim 
with a different stroke, both front legs coming back at the same time. The toes were at all 
times spread wide apart. At 10:10 it rested with its hind legs on the bottom of the tub, its 
nostrils out of the water, but its eyes beneath the surface, and open. This opossum made 
the same snuffling or grunting noise mentioned for opossum number one; in addition, it 


P 
uttered a sort of whine, almost a purr 





After the first five minutes in the water it spent more time resting than swimming, half 
sitting on the bottom of the tub with its nose out of the water. It began to shiver, although 
the temperature of the water was 83°F. At 10:20 it was sitting on the bottom of the tub with 
its nose just out of the water; it was evidently tired and did not want to swim any longer. 


The water was let out and the experiment ended. 
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The following morning, April 15, at 7:45 am, the same opossum was placed in a small farm 
pond, about one-tenth of an acre in extent. The water was too muddy to observe very 
clearly the strokes, but it seemed to swim dog-fashion. It swam approximately fifteen feet, 
until it was well past us, then climbed out on the bank, ran half a dozen paces or so, then 


I 
stopped abruptly, turned, opened its mouth and hissed at us. We, in the meantime, stood 


I 
perfectly still. It then ran on, climbed over a small raft which it could have just as easily 
avoided, and continued down over the hillside. It never took time to shake itself. As it ran 
down over the bank its forked penis, well distended, was distinctly visible. At 7:50 am 
this experiment was ended. 

From these experiments it is evident that the Virginia opossum swims with ease and con- 
siderable force. Its diving and swimming under the surface of the water would suggest that 


t is accustomed to water and has no fear of it. It may even use this device for eluding its 





predators. However, it is also evident that it cannot stand long immersion in cold water, 
and it seems likely that large bodies of cold water would be effective barriers to its distri- 
bution.—J. Kennetn Dovurt, Carnegie Museum, Pittsburgh 13, Pennsylvania. Received 


February 7, 1954. 
IDENTITY OF THE PLEISTOCENE MOLE FROM GIBRALTAR 


Bate (Jour. Roy. Anthro. Inst., 58: 92-113, 1928) assigned to Talpa europaea some skeletal 
remains of moles associated with Neanderthal man and Mousterian culture from the Pleis- 
tocene of Devil’s Tower, Gibraltar. Zeuner (THE PLEISTOCENE PERIOD. Printed for the Ray 


Society, London, p. 201, 1945) dates this fauna found at Devil’s Tower as being from the 


ie 
very earliest phase of the Fourth (Wiirm) Glaciation 

These Gibraltar moles, particularly the limb bones, were considerably smaller than the 
corresponding bones of living 7’. europaea, but in spite of the fact that 7’. caeca occidentalis, 
1 small subspecies of the southern European mole, occupies most of the Iberian peninsula 
Cabrera, FAUNA IBERICA. MAM{FEROS. Madrid, 1914), Miss Bate’s published conclusion, 
lthough tentative, was that the Gibraltar mole belonged to 7’. europaea. Part of her con- 
fusion arose from the fact that she did not have for comparison any skeletal material of 
T. caeca (the material labeled 7’. caeca at that time in the British Museum (Natural History) 
was later identified as the larger 7. romana from Italy). By 1937 (Stone Age of Mt. Carmel, 
1: 170), Miss Bate had come to realize that the Gibraltar materials possibly belonged to 
T. caeca, and that the problem should be investigated further. She did not, however, pub- 


lish again on the subject 





in the British Museum (Natural History), and 
study of Miss Bate’s correspondence on the subject, indicates that the Gibraltar mole should 


Re-examination of the original mate 


be assigned to T.. caeca, and that she had come to this conclusion herself, after having a 
partial skeleton of this species prepared for the express purpose of making the comparison 
between the Pleistocene and Recent bones 


This note, then is merely to set on record conclusion that Miss Bate had al- 


reached, independently confirmed by myself; the Pleistocene mole from Gibraltar is 


1 


occidentalis, but I have not had available a skeleton of this Iberian form for comparison. 








Talpa caeca and not 7. europaea. On geographical grounds it might be assigned to 7’. c. 


Furthermore, considering the difference in tir 


1e of some 50,000 or more years between the 
early Wiirm and the present, it might be wiser not to try to assign the Devil’s Tower moles 
to a subspecies.—Cuares A. Reep, College of Pharmacy, University of Illinois, Chicago. 
Received November 15, 1953 


LONGTAIL SHREW, SOREX DISPAR, IN MAINE 


On September 7, 1953, a male Sorex dispar was caught near the southwest edge of Lower 
South Branch Pond, Baxter State Park, T.5-R.9, Piscataquis Co., Maine. The animal 
measured: total length, 113 mm.; tail, 56; hind foot, 13; ear from notch, 9. Judging from the 
amount of toothwear, it was evidently a subadult. It was captured at a mossy spot between 
some rocks in a wooded rockslide at an elevation of approximately 1000 feet. Redback 
voles (Clethrionomys) and deer mice (Peromyscus maniculatus) were caught in similar situa- 
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tions in the same rockslide. This extends the range of the species from the White Mountains 
in New Hampshire (Preble, Jour. Mamm., 18:95, 1937) to central Maine, a distance of about 
200 miles. The specimen is now in the mammal collection of the Museum of Zoology, Uni- 
versity of Michigan, as skin and partial skeleton 

I wish to express my appreciation to Baxter State I 





k Supervisor Helon Taylor and the 
Baxter State Park Authority for granting permission to trap shrews and mice inside the 
park.—ANpDREW STARRETT, Museum of Zoology, University of Michigan, Ann Arbor. Re- 


ceived October 16, 1953 


OCCURRENCE OF THE SEMINOLE BAT IN ARKANSAS 
On August 9, 1953, a female Seminole bat, Lasiurus seminolus (Rhoads), was shot by 
Arnold J. Hoiberg near Newport landing on the Ouachita River, Ouachita County, in south- 
central Arkansas. This specimen (Univ. Arkansas Zool. Dept. collection, No. M53-30 
constitutes the first known record of this species for the state. Lowery (Occ. Papers, No 
13, Mus. Zool., Louisiana State Univ., 1943) reports this species as rather rare in northern 
Louisiana. The present record is apparently the most northwesterly one for this species to 
date 


Lowery (ibid.) considers the possibility that the Seminole or mahogany bat may be a 
color phase of L. b. borealis. Other authors have considered it as a subspecies of L. borealis 


Colin C. Sanborn (personal communication) has informed us that in a group of Lasiurus 
from Florida recently shot on the wing at the same time and place, five were dark seminolu 

while one was a typical red borealis. The writers are inclined to accept the opinion of Bark 
alow (Jour. Mamm., 29: 415-416, 1948) that L. borealis and L. seminolus are distinct species 
in spite of their close associations.—Jonn A. SEALANDER, JR. AND ARNOLD J. Horsperc 
Zoology Department, University of Arkansa Fayetteville, and Route 3, Bor 226, Eldorad 

Arkansas. Received October 1 


NOTES ON THE CAPTURE OF TROPICAL BATS AT CUEVO EL PACHON, 
TAMAULIPAS, MEXICO 


Recent collections from the arid tropical lowlands and humid mountain slopes in the 


Gémez Farias region of southwestern Tamaulipas have extended known northern ranges 
js, Eira, and Mazama (Ba 

lis region is in manuscript (Goodwin 

The present report discusses further additions to the Tamaulipan fauna from Cuevo E] 


such neotropical mammals as Philander, Heterog 


1081 
eI Yo! 





Hooper, 1953 \ third account of the fauna of 


Pachon and describes an unorthodox collecting experience 

All mammal specimens collected by the authors in 1950 and 1951 are in the American 
Museum of Natural History. Those taken by Robins, Heed and Martin in 1949 are part 
Koopma! 


the George M. Sutton Collection. For identifications we are indebted to Kar] I 
and Luis de la Torre 
] 


Cuevo E] Pachon lies in southwestern Tamaulipas, south of Gémez Farias, ten kilo- 





meters north-northeast of Antiguo Morelos and about two kilometers north of the Laredo 


Mexico City Highway at Abra Pass. The mouth of the cave opens several hundred meters 
above the village of El Pachon, and is situat 





on the west slope of the Sierra Cucharas at 
roughly 200 meters elevation. Tropical Deciduous Forest is the characteristic vegetation 
type on this rough limestone mountainside; a bizarre arborescent member of the Liliaceat 

Beaucarnea, is a dominant species. The cave is best known as the home of a blind Characin, 
Anopichthys antrobius (Alvarez, 1946), and the high ceilings above the pool inhabited by this 
fish are favorite bat roosts. In other areas, especially near the cave mouth, we have collected 
the frogs, Syrrhophus and Eleutherodactylus; a lizard, Lepidophyma; anda cave rat, Neotoma 


Adjacent caverns, possibly part of a single cave system, have produced the faunal novelties 
Tadarida femorosacca at Paso de Abra (Dalquest and Hall, 1947) and a blind crustacean 
Typhlolepidomysis at Grutas de Quintero on the eastern side of the Sierra Cucharas (Villa- 
lobos, 1951 


On the afternoon of July 2, 1951, the authors closed the mouth of Cuevo El Pachon with 
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minnow seins, anticipating a bat drive into the nets from inside the cave after dark. By 
nightfall over one hundred bats, mainly the leaf-nosed bats Artibeus and Glossophaga, 
were flying in the main chamber adjacent to the entrance, but despite gunfire and other 
disturbance, none attempted an exit. Starting immediately at dusk, however, bats from 
outside the cave began to fly into the nets, some individuals making repeated attempts to 
‘crash”’ the nets in their endeavor to enter. Within an hour 32 specimens were thus picked 
off the nets; 22 of these proved to be Natalus mericanus, and the others Chilonycteris rubigi- 
nosa. As the nets employed were standard coarse mesh minnow seins, it seems improbable 
that the bats could not recognize such a crude barrier by echolocation. European bats ob- 
served by Vesey-Fitzgerald (1947) behaved in similar fashion, flying into brown paper placed 





ucross the mouth of their cave. On the basis of his extensive experience John W. Twente 


(personal correspondence) suggests that bats outside an occupied cave locate its mouth by 
following sounds emitted only by those within, and thus are unaware of artificial obstruc- 
tions. Why Chilonycteris and Natalus sought entrance at twilight is not obvious to us, un- 
less they drink from the cave pool, one of few sources of water in this porous region of coarse 
estone 

Other field parties visiting E] Pachon in the daytime have collected Arti} jamaicensis, 
Glossophaga soricina, and Desmodus rotund 4 single individual of the hairy-legged vam- 
pire Diphylla ecaudata was shot March 13, 1949, by group including W. B. Heed, C. R 
Robins and P. 8S. Martin. On Decen 


31, 1949, Bruce Hayward collected three speci 





of Natalus mexicanus and noted a large number roost inside, but neither Natalus 

or Chilonycteris appeared in our collection at E] Pachon in 1950, or that of Heed, Robins, 

and Martin in 1949. Apparently the bats C/ nycteris, and Natalus represent additions 

the known tropical faut f Tamaulip Ithough specimens of Natalus listed by Dal- 

yuest and Hall (1949) from “‘San Luis Potosi: 8 km NE Antiguo Morelos. 500 ft.’”’ mav well 
efe this local Tamaulipas 

I I URI 
ALVAREZ, J. 194¢ Revision de] genero A? ht con descripcion de una especie nueva 
ee, eT er eae ee | 263-282 
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5: 209-218 
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Mexico. Univ. Kans. Mus. Nat. Hist. 1: 247-248 
1949 \ new subspecies of funnel-eared bat (Nat é from eastern 


Mexico. Proc. Biol. Soc. Wash. 62: 153-154 

Hooper, E. T 195% Notes on the mammals of Tamaulipas, Mexico. Ox Papers Mus 
Zool. Univ. Mich. 544: 1-12 
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MARIAN AND Pau 8. Martin, Museum of Zoology, University of Michigan, Ann Arbor. 


Received Se ptember 26, 1953 


ALBINO CHIPMUNKS IN RHODE ISLAND 
In April of this year, in what is believed to be the first occurrence of its kind to be brought 


o the attention of interested zoologists in New Eng 


t land, a pair of adult albino chipmunks 
(Tamias striatus lysteri) were found in the countryside of South Kingstown, Rhode Island. 
Immediately upon discovery they were presented to the Zoology Department of the Uni- 
versity of Rhode Island. These animals were caught exactly two weeks apart by a female 
house cat belonging to Avis Dawley, the daughter of a potato farmer in West Kingston, 
Rhode Island. Fortunately the cat had killed both chipmunks with minimal mutilation be- 


fore depositing them at the back-door of the Dawley home. An examination of the presumed 
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burrow (beneath a large boulder about one-quarter of a mile from the farmhouse), revealed 
a recently occupied chipmunk nest but no signs of young. 

The male albino was caught first. Both animals were typical albinos in possessing no 
pigmented external parts; the fur and vibrissae were entirely white, and the eyes were pink. 
Their measurements were about the same as those listed for the eastern chipmunk except 
that the female was nearly an inch shorter than the male. There were no pelage anomolies 
except color. The male bore several small scars around the head, some of them apparently 
quite recent 

Few notices and even less data are generally available concerning the appearance of al- 
bino mammals in nature. In the last fifteen years, mammal albino records from the New 
England and Middle Atlantic States include muskrats, woodchucks, deer, squirrels, por- 
cupines and opossums. These are nearly all single reports of individual animals. Estima- 
tions of the appearance of an albino in a wild mammal population has varied from 1 in 10,000 
for squirrels to 1 in 5,000,000 for buffalo. The chances of finding a breeding pair of adult 
albino mammals are certainly less. In this area of Southern New England small mammals 
are at the mercy of many enemies. The substitution of a brilliantly unharmonious white in 
place of the normal concealing or procryptic chipmunk coloration certainly decreases the 
probability of the attainment of maturity —Dona.Lp J. Zinn, Department of Zoology, Uni- 
versity of Rhode Island, Kingston. Received September 26, 1953 


STORING OF FOOD ITEMS IN THE WINTER NEST OF THE ALASKAN GROUND 
SQUIRREL, CITELLUS UNDULATUS 


There has lately been considerable informal discussion among biologists with a knowledg 
of the Alaskan ground squirrels on the question of whether these animals store any food ir 
their winter dens. The only previous report on storing by this animal known to the author 
is given by William V. Mayer in his paper ‘‘A Preliminary Study of the Barrow Ground 
Squirrel, Citellus parryi barrowensis,’’ (Jour. Mamm, 34: 334-344, 1953), who did investiga- 
tions on the dens of the ground squirrels of Barrow. It is therefore of some interest to report 
an instance of obvious storage observed in a ground squirrel nest on the Kotzebue Penin- 
sula in 1951] 

During a visit to the government reindeer herd at Kotzebue, Alaska, in the latter part 
of August 1951, I had the opportunity to make some observations on ground squirrels liv 





ng 
in a steep sandy bank above the shoreline of Selawik Lake. One nest was dug out and the 


squirre adult male, was captured. The nest was located in fairly dry sand 3-4 feet in 
1 ; q 


from the surface of the steep bank. Tunnels, about eight feet in length, were dug in hori- 
zontally from the surface from two sides with the nest chamber lying about equal distance 
from each entrance. The nest was made of dry grass and was spherical in shape and about 


25 cm. in diameter. On each side of the nest and close to both entrances was piled some plant 


The stored material was kindly identified by Dr. A. E. Porsild, Chief Botanist, National 
Museum of Canada. It consisted of green leaves of willows, Saliz sp., spikes of the crested 


material that was not an integral part of the nest and was obviously stored as food 


cereal grass, Agropyron latiglume, and capsules containing ripe seeds of the rush, Juncus 
balticus. Although stored in the same place the three items were clearly separated from each 
other and did not constitute a fairly homogeneous mixture from all sources as was the case 
with the plant material used for the nest itself. This was taken as additional evidence sup- 
porting the hypothesis that they were stored for food 
However, from both places, the total amount stored wa 





8 only about four double hand- 
fuls. This would of course not contribute very much toward the animal’s total caloric re- 
quirement during the winter. On the other hand, if it was intended to be consumed shortly 
before or after the hibernation period of the squirrels or used as emergency food in case the 


animals waked up due to unusually low environmental temperatures, storing of this sort 
might be looked upon as being an important and integral part of these animals’ successful 
adjustment to life in this type of habitat—Jonn Kroc, Arctic Health Research Center, 
Public Health Service, Department of Health, Education, and Welfare, Anchorage, Alaska. 
Received November 9, 1953 
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THE BELDING GROUND SQUIRREL NORTH OF THE SNAKE RIVER IN IDAHO 


When Howell (North Amer Fauna, 56: 81, 1938 reported upon Citellus beldingi Mer- 


riam), he indicated by a distribution map and by specimens examined that animals of this 





species were not known to occur north of the Snake River. Davis (THE RECEN1 
OF IDAHO, Caxton Printers, Caldwell, Idaho; 168, 1939), stated that Citellus beldir gu oregonus 
a is confined to the region south of the Snake River.’’ Hall (The Murrelet, Vol. XXI, 


No. 3: 59-61, 1940), in his original description of C. b. crebrus, included southern Idaho 
th 


[AMMALS 





within its range. He listed no specimens examined, however, from north of the Snake River. 


,f 
To date, the concensus of opinion has been that the Snake River has acted as a barrier to 





the ( ngi. On July 2, 1952, I found the Belding 
grol entral Idaho, north of the Snake River. On May 
28 1 in Jerome County at the following localities 
six, f ne mile west of Eden; and two, from two 
mile ( the Museum of Vertebrate Zoology, Uni 
ve extension of the previous! I n range of 
( lir These aforemer ned spe I es north of the S e River 
r e il stinguishable rom sp I ( h « he S River 
TI ¥ , i eseitnasti a aia : ; 
Reference to the literature licate I r sins ( ers to 
. , he subgenus ( _ 1 that pitta oan 1 les of 
‘ ‘ iwied | Y } } Pp i] ) } ins 
T sans } 8) ‘ ] ) | } uC 
:, — , anil 
I ) s the § R 5 I th 
7 off¢ y he } } ~ | ulation 
} Q > ‘ 4 ; ee 
' le } . | t 
I r rkKe ] l 9 es « 
north of the Snake R lH " 
I: V f Tr f dD | 7 j } Sali 
I City. R Octol 5 
THI RLOCT ISLAND | ADOW MOUS WVICROTTIS OVE y 
On M 15-17. 1952. the riter ¢ le p Bl T I T — 
te t r ¢ of the ir genous spt V Bang 19008 \ ling to 
B riginal description (Proc. New Ex Z Club, 4: 19-21, 1908) the 1 form 
» roe than the + ul M ; ent ' + he el] ] 3 gre Bangs ited 
peculiarities of the skull: ‘In old age the skull is longer and narrower tl hat of M 
pennsylvar Since a rough comparison of the two species did not reveal these diffe: 
ences, it seemed advisable to examine the material further 
3lock Island is midway between Point Judith, Rhode Island, and Montauk Point, at the 
tip of Long Island, New York. It is approximately nine miles from either shore. The island 
is eight miles long and two to five miles wide. The topography consists of lo nlling hills 
and many depressions which in some cases retain fresh water 


A pronounced ecological change has occurred on Block Island since Bangs collected there 


fifty-four years ago. He states: “‘It is under high cultivation, and is entirely without woods, 
or even trees, except for a few willows and poplars planted near some of the houses.’’ A 


resident of the island, Miss Elizabeth Di 
1900 Block Island 

The abandoned fields are dominated by bayberry (Myrica pennsylvanica Loisel.), black- 
berry (Rubus spp.), and beachplum (Prur maritima Marsh.). In addition there are blue 


grasses (Poa spp.), strawberry (Fragaria virginiana Duchesne.), and cinquefoils (Potentilla 





kens, in recent correspondence relates that in 


vas an agricultural section but ‘‘work went out of fashion 





spp.). The shores and beaches are provided with an abundant growth of algae on the glacial 
boulders and rubble. 


Bangs mentions that mammals were not at all common on the island. Miss Dickens stated 
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that the rodent population increased noticeably with the change of habitat. The trapping 
success of the writer substantiates her observation. 

Trap locations were dispersed over the island to sample a variety of habitats. A total of 
43 specimens of M. provectus (21 adults and 22 subadults) was collected. I am grateful to 
Wm. A. Morris, Department of Lands and Forests, Ontario, for assistance with the field 
work on Block Island. For comparison, a series of 18 specimens of M. pennsylvanicus was 
collected in August, 1952, from Hunter, New York. The specimens from Hunter were taken 
under the auspices of the New York State Museum. Appreciation is expressed to Dr. Ralph 
S. Palmer for the use of this material. Conventional body and skull measurements were 
recorded in millimeters, and all measurements were taken by the writer. Only adult speci- 
mens were considered in the final comparison. 

In Tables 1 and 2 the skull and body measurements are summarized for the samples from 
Hunter and Block Island. In addition Bangs’ measurements are presented for comparison. 

For any particular characteristic there is broad overlap between the ranges of the meas- 
ured values in the Hunter and Block Island samples. With the exception of the measure- 
ment of the hind foot, there is an equally broad overlap between the ranges of measurements 


TaBLE 1.—Skull measurements of samples of two populations of Microtus in millimeters 


Specie Statistic “Tenstt. | “Bicadth® \Constriction! Laneth | Tenth Rae 
M. pennsylvar Mean + 8.E 27.4 16.1 4.2 8.0 7.0 
icus + .174 + .142 + .045 + .099 + .047 
Hunter, N. Y Range 26.5-28.8 15.0-17.0 3.9-4.5 7.0-8.8 6.6-7.5 
No. specimens 16 17 18° 18 18 
M. provectus Mean + 8.E 27.7 16.7 4.3 7.8 7.2 
+ .13]1 + .178 + .062 +.110 + .065 
Block Island, Range 26.9-29.5 16.0-17.5 4.04.8 7.0-8.9 6.7-7.9 
R. I No. specimens 18 19 19 19 19 
t 0.54 1.06 0.31 0.44 0.60 
d.f 33 34 35 35 35 
P 0.33 0.25 0.55 0.19 0.24 


TaBLE 2.—Body measurements of samples of two populations of Microtus in millimeters 


Species Statistic Total Length Tail Length Hind Foot 
M. pennsylvanicus Mean + 8.E 173.9 +1.72 47.56241.08 20.54 .151 
Hunter, N. Y fange 161-186 38-55 20-22 
No. specimens 17 17 17 
M. provectus Mean + 8.E 171.8 + 1.22 42.5 + .622 21.5 4+ .177 
Block Island, R. I. Range 161-182 37-48 20-23 
No. specimens 21 21 21 
t 1.23 3.85 1.74 
d.f 36 36 36 
P 0.24 0.0006 0.09 
M. provectus Mean 175.2 47 .6 
Bangs’ data Range 166-187 43-54 
No. specimens 12 12 
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as given by Bangs and those of the Hunter and Block Island population collected by the 
writer 

Probability values indicate that there are no statistically significant differences between 
the two populations with reference to skull measurements, the total body length and the 
length of the hind foot. There is a highly significant difference between tail length measure- 
ments of the Hunter and Block Island specimens. However, the degree of overlap between 
ranges is such that it seems rather doubtful whether the two populations could be separated 
on the basis of this particular body measurement. 

The anterior median projection of the interparietal is more prominent in M. provectus, 
and the nasals are square posteriorly. These differences were recorded by Bangs but inter- 
mediates definitely exist. A slight color variation is evident between the island specimens 
and those from Hunter. The dorsal and lateral color of the island form is lighter, the tail 
is more distinctly bicolored and the ventral surface is light grey to white in the axillary 
region. The Hunter specimens were taken three months later than the Block Island sample 
and this variation may be a seasonal one 

It seems apparent from these data that M. provectus is merely a subspecies of M. pennsyl- 
vanicus. Wheeler (Evolution, 4: 130, 1952) arrived at the same tentative conclusion after 
successfully mating the two forms.—J. L. CHAMBERLAIN, Department of Zoology and Ento- 
mology, The University of Tennessee, Knoxville. (Contribution No. 92) Received October 22, 


1953 


THE FRACTION OF PEROMYSCUS LEUCOPUS FATALITIES CAUSED BY 
RACCOON ASCARID LARVAE 


lhis paper presents a brief summary of cerebrospinal ascariasis in mice. Available data 
ire utilized to estimate the possible significance of the disease in terms of fatalities among 
mice in naturé 

Thanks are expressed to Dr. L. A. Stauber, Department of Zoology, Rutgers University, 
for his critical reading of the manuscript and for helpful suggestions. The writer is indebted 


to Dr. J. F. A. Sprent of the Veterinary School, University of Queensland, for permission 


2 


sarid life histories. 





to examine the latter’s forthcoming review of : 

The report by Sprent (1953) that T’oxocara canis and Torascaris leonina can use inter- 
mediate hosts, makes infection via such an intermediate host appear clearly fundamental 
in ascarid life histories. Ascarid parasites of aquatic animals and of fish-eating birds still 
te hosts (Thomas, 1944). When the final host feeds in a medium that is es- 


sentially three dimensional (e. g., a body then the parasite’s survival is most 
1 


use intermedia 


f water 


likely if its larval stages occur in the food chain of the final host. Those terrestrial animals 
that are final hosts of ascarids are mostly ground surface feeders. Vertical dispersal is at a 
minimum on land, and the infective larva’s probability of being encountered by the final 
host is correspondingly multiplied. Consequently, intermediate hosts of ascarids were less 
necessary to the survival of the worms following the adaptation of their primitive final 
host species to land life (Sprent, 1952). When the final host is a herbivore that feeds on grass 
and lives in large groups, no intermediate host appears to be needed. However, carnivores 
usually range over a larger area than do plant-eating species of comparable size and also 
less dense population 

Ascarids of terrestrial mammals have undergone various modifications whereby inter- 
mediate hosts have been omitted. Three of the carnivore ascarids have undergone another 
kind of specialization in that their larvae can invade the brain of rodents and grow large 


form a 





enough (one mm. or more in length) to cause fatalities (Tiner, 1953a,b). The diet of the 
raccoon is not as highly specialized as are the diets of many other carnivores. Its molar 
teeth have remained adapted to the grinding of mast. Consequently, the pathogenicity of 
the raccoon ascarid in the rodent brain may have evolved to a high degree of effectiveness 
for the following reason: the diets of other carnivores which are also hosts of Ascaris spp. 
(fisher, marten, badger, skunk, etc.) are known to include larger percentages of small 
mammals than do raccoon diets. These other carnivores should, therefore, tend to ingest 
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infected and non-infected members of intermediate host species, irrespective of whether 
larvae are present in their CNS or not. Raccoons would be expected to encounter chiefly 
those small mammals which have been exposed to larval Ascaris and which are not able to 
avoid a carnivore’s close approach because of CNS impairments due to the presence of 
sufficiently developed worms. 

The Central Illinois woodlots studied by the writer from 1947 to 1950 were hea 





| popu 
lated with raccoons, whereas skunks were scarce and badgers were absent (Tiner, 1953! 
Larval ascarids found in mice and in squirrels taken from these woodlots most probably 
originated from the Ascaris of the raccoon 





A raccoon ascarid larva in the brain of a laboratory mouse is apparently alw 


ig 1Ways ta 
£ 


(Tiner, 1953a). Preliminary experiments indicate that raccoon ascarid larvae are also high 
pathogenic in the white-footed mouse Peromyscus leucopus (Tiner, 1953b 


1, 

Mice probably ingest eggs of carnivore ascarids accidentally during the course of feed- 
ing or while grooming themselves. If these eggs are properly embryonated and infective at 
the time of ingestion, they hatch in the intestine, and migrate to the lungs via the blood 
stream. Afterward, they most often encapsulate in ske 


etal muscles (Sprent, 1952). Larvae 


may leave the lungs by migrating directly outward into other tissues, or by enteri 
pulmonary venous blood. Although both exit routes are commonly used, the latter 





more significant because of its lack of simple reversibility. Those larvae that w: 


or across the pleural or pericardi: 1 cavities should have a good chance to wander 





the lungs before they are trapped in connective tissue cysts. Those that enter 
a vein, however, would seem to have a very small chance to exit from this same vein be 


cause the blood stream would sweep them into regions where the lumen is larger and wher 





the traction or leverage obtainable from contact with the walls would be less. Also, the su 


face area of the pulmonar vy venous tree would be gre: 


gI 





than the area of the viscera! pleura 


Tissues and surfaces that are on or near the common ascarid migrat 


testine to liver to right side of heart to lungs) are subject to invasion by ascarid larvae be 


} 


fore these larvae reach the lungs. These tissues are also exposed to ascarid larvae swept 


out of the thorax with the aortic circulation. All other tissues are exposed only to thos¢ 


larvae transported to them by the arterial blood. The numbers of larvae reaching each part 
are probably related to the volume flow of the blood suppl) to that part There is no evidence 
that larval Ascaris with a minimum diameter of 30 u would pass through capillaries and int 


venous blood. Once in the blood stream, ascarid larvae must usually become lodg 


arteriole or in a capillary and then push out into surrounding tissue spaces. However, larvae 


recently arrived in any part 


san probably re-enter the blood stream and be carried back t 


the lungs for a second excursion. Raccoon ascarid larvae are almost never seen it 





dominal viscera of fox and gray squirrels, possibly because those carried there by th« 
blood supply readily return to the lungs in the portal circulation 

A preliminary experiment was undertaken at the Merck Institute for Therapeutic Re- 
search. Three pairs of weanling rats were parabiosed, and then the larger and healthier 
member of each pair was given several thousand raccoon ascarid eggs with a stomach tube 
a week after the operation (a skin to skin union) had been performed. Two of the three 
undosed members of the pairs had raccoon ascarid larvae in the brain when the experiment 
was terminated. Under the conditions of the experiment, there was a small chance that un 
hatched and viable ascarid eggs passing out in the feces of the dosed animal were ingested 
by the other (undosed) member of the pair. Nonetheless, the most likely conclusion is that 
some larvae that arrive in skeletal muscle or subcutaneous fascia occasionally return to the 
lungs and subsequently reach the brain. The writer has observed that ten days or more after 
infecting, raccoon asearid larvae are most often found in the brain of (laboratory) mice 
The same is true of experimental raccoon ascarid infections in domestic and in cottontail 
rabbits (Tiner, unpublished data). We do not yet know what fraction of ascarid larvae de- 
veloping in the brain arrived there after one or more preliminary excursions into other 
parts of the body 


The writer has observed that the central nervous system is about 2 of the weight of the 


skinned and eviscerated carcass of weanling laboratory mice weighing 15 grams, and 5 
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of the weight of the carcass of mature 30-gram white mice. A series of experiments (Tiner, 
ther 1951 has proven that the chance of a raccoon ascarid larva’s developing in the brain 
iefly is about one in 20 when it is ingested by a laboratory mouse. This proportion (1:20) was 
le to found to be independent of the dosage of larvae employed. In view of the gradual decrease 
e of in ti relative weight of the brain as an animal matures, the proportion of larvae reaching 
the brain should decrease with the age of the mice. A value of 1:20 is intermediate between 
ypu l nd ls 5 and might apply to an average mous¢ 
rst If a group of experimental mice of uniform body weight were each given a fixed number of 
it raccoon ascarid eggs, then the fractions of mice in the group that will have 0, 1, 2, 
nd n larvae in the brain could be determined by using the binomial theorem (a 4 
al t 1 when a is the chance of an ingested larva’s developing in the brain, b is the chance 
ch of an ingested larva’s not developing in the brain, and n is the number of larvae ingested 
expose mouse 
“— As the r iscarid is apparently alway tal when in the central nervous system of 
° m one interested in the probable mortalities need only be concerned with two classes 
” € Se ce those without larv in tl CNS and those with such larvae. The first 
var mentioned category is represented by b®. The combined remainder is 1 b", or the fraction 
the f ¢ ysed mice dying of ascariasis of the central nervous system. Should woodland white- 
the f I prove to be significantly less susceptible to raccoon ascarid larvae than are 
nt s*horatorv i then a correction factor would be necessary in the values of a and b 
nt Che problem of determining the percentile mortality of exposed mice in a natural popu- 
s also complicated by other facts. Wild mice would not be as genetically uniform as 
inbred laboratory strains. In addition, the numbers of infective eggs to which individual 
I exposed would vary widely. I these reasons, another type of mean, such as the 
. harmonic or geometric might be better tl the arithmetic mean, or possibly the median 
, ild be more appropriate. Any such change in the method of its calculation would give a 
~ 0 value of n. More data are needed before an intelligent choice can be made between the 
yr rnatives. Digestion of mouse carcasses witl ificial gastric juice and count- 
g S( larvae in the residue would give 1igher value of n than will result from only 
7 ounting the visible encapsulations. It would also give a larger percentage of infected 
nvenience, we assume that the two kinds of error cancel one another and proceed 
' t I S$ ar ithmetic mean. A total of 61 cysts or larvae were observed in 14 mice 
iI total sample of 68 collected near Urbar nd near Havana, Illinois (Tiner, 1952 
i One us tained a single larva in the brain and no larvae were visible elsewhere in the 
‘ I in calculating a value of n, this mouse with a larva in the brain is 
ex , such mice would soon become fatalities should they not be trapped. 


Hence, the number of exposed mice is 13 in this paper, and the total number of mice in the 
sample is 67 instead of 68. The numbers of larvae observed in the individual infected mice 


wel follows: 2, 7, 20,1, 1,5, 2, 20,1,1,1,1,2and1. Averaging of these gives a value of 


| 
l€ 17 
De If we designate the number of mice dead and therefore not trapped as z; the number of 


exposed mice in the sample, judged by their containing encapsulated larvae, as y; and the 


nt 
In total number of mice trapped as z; then fraction of exposed mice killed by ascarids 
| “ee 
cu " . , ° e ; 
/ However, as stated previously, 1 b fraction of exposed mice killed when they were 
5 | give I e € cl 





S n was determined by averaging the number of cysts or larvae seen in the sample, 








zr 


Che fraction of the whole population killed by ascaris is called u w= 


z2+2 
ituting b = 0.95, n = 4.7, y = 13, and z = 67, we find that z = 3.6, and w = 0.051, or 


approximately 0.05 





4s | This sample calculation using the available data indicates that about 5 per cent of the 
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white-footed mouse mortalities in Central Illinois woodlots may be due to 
ascariasis 


This value is half the estimate of 10 per cent contained in a 
This value is half tk timate of 10 per t l 





(1951) and appears to be more correct. Using the equations in the present paper, 10 per cent 
appears to be a larger fraction of the P. leucopus mortalities than would be caused by the 
raccoon ascarid in most natural environments. 
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ZAPUS HUDSONIUS REPORTED FROM LEE COUNTY, ALABAMA 
During June and July, 1953, I conducted a small mammal population s : ( 
nvestigation course zoology t the Alabama Polytechni Institute T \ I ( 
operative Wildlife Research Unit cooperated in the study by furnishing trans] 
nd from the study aré In the course of this investigation, a jumping us 1 
hudson was taken four miles north of Auburn, Lee County, Alabama. A survé of th 
literature has been made and active mammalogists of the State have bee t D 


Ralph L. Chermoc} Associate Prof. of Biolog Univ. of Alabama, and Dr. Julian L. Du 





Assistant Prof. of Zoology-Entomology, Alabama Polytechnic Institute. Personal commu: 

ication No pre vious records of Zap s have been recorded for Alabam Several sp mens 

of the jumping mouse have been recorded for Georgia, however, with one of these records 

being as far south as White Hall in Clark County, (Jenkins and Johnston, Jour. Mamr 

461, 1951 Auburr Alabama is approximately 50 miles southwest of White H Georg 
This specimen Was a female, and the following measurements were taker Total lengtl 

182 mm.; tail, 116 mm.; hind foot, 34 mm.; ear, 9 mm. A standard museum skin was prepar¢ 


and the skin and skull are deposited in the mammal collection of the Alabama Polytechni 


Institut 


The capture site was an old field of about six acres which had been ab 
proximately ten years. Half of 


undoned for 
this field was burned in March, 1953, in connection witl 
management practices. The old field was located in a flat bottom along the edge of 


permanent stream. A fairly dense stand of vegetation from one to three feet t 


ee 
i 





sisting mainly of partridge pea (Cassia fasciculata), broomsedge (Andropogon sp.), golder 
rod (Solidago sp.), and greenbrier (Smilaz sp.) covered the area. The surrounding terrain 


was composed of upland pine forests and mixed pine-hardwood forests 


Trapping records 
in the old field showed Peromyscus le icopus 


to be by far the most abundant small mammal 

Special appreciation is extended Dr. Julian L. Dusi of the Zoology-Entomology Depart- 
ment, Alabama Polytechnic Institute for verifying the identification of this specimen.— 
Epwarp G. Suutuivan, R.F.D., Modoc, South Carolina. Received September 25, 195 


INSECTS IN THE DIET OF POCKET MICE, PEROGNATHUS PARVUS 


Within recent years several investigators have drawn attention to the importance of 


arthropods in the diets of many kinds of small rodents. Sviridenko (1940), Hamilton (1941 





a note published by the writer 























The skulls were retained in the skins. Two sma 


included in the collection 
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BLACK-FOOTED FERRETS USED AS CEREMONIAL OBJECTS 
BY MONTANA INDIANS 
Four preserved black-footed ferrets (M , D = ur 
Indian relics at Pryor, Montar The ferret skins d been ce 
Crow Indians many years ago and were used in ceremonies. The specimens were surprisingly 
ar to study skins but were decorated with colored cloth bands, ribbons, and feathers 


weasels (Mustela sp.) were 
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The age of the specimens could not be determined, but old Indians stated that they had 
been taken from the nearby Pryor Mountains on the Carbon-Bighorn County line in south 
central Montana. This is near the western limit of the recorded ferret range in southern 
Montana; the species is still observed occasionally in this locality. The relics formerly be- 
longed to Chief Plenty-coups, a famous Indian leader who was a friend of the whites. The 
number of specimens present suggests that Indians were aware of the rarity and distinct 
appearance of the species and attached a mystic significance to it—Liven A. PeTerson 
AND Exrnvu D. Bere, U.S. Fish & Wildlife Service, P. O. Box 1381, Billings, Montana. 
Received October 18, 1953. 


BLACK-FOOTED FERRET IN SOUTH DAKOTA 

Information supplied by George Barnes, Senior Mammal Control Agent of the U. § 
Fish and Wildlife Service, Custer, South Dakota, led to the capture of five black-footed 
ferrets. The animals were taken from a recently poisoned prairie dog town located two miles 
west of Midland, Haakon County, South Dakota. A sixth ferret was seen here but was not 
trapped 

All ferrets (Mustela nigripes) were captured within an area 150 by 50 yards. They were 
all full grown but a study of tracks and the distribution of the burrows within which they 
were found indicated that it was a family group with a litter of four. No close examinatior 
of the animals was made but it is believed three were males and two were females 

One female ferret died in the traps. This carcass was preserved by freezing and con- 
tributed to the National Museum in Washington, D. C. Another ferret, a male, had been 
severely injured on the back before his capture and died soon after he was caged. Only his 
skull was saved 

A male and a female ferret were released in Wind Cave National Park to establish the 
species in that protected area. The remaining animal was held in captivity until December 
30, 1953, when it was released in Wind Cave National Park.—W. E. Garst, Douglas, Wyo 
ming. Received October 18, 1953 


LEAST WEASEL IN GLACIER NATIONAL PARK 


On July 23, 1953, Ranger Paul Webb saw a least weasel (Mustela rizosa) dart in front of a 
car just inside the Glacier National Park boundary on the Two Medicine Road. The weasel 
was carrying a young in its mouth. The car struck the female killing it instantly, but the 
young was thrown clear and unharmed. The skull of the female was completely smashed and 
could not be saved, but the skin is now number 298 of the Glacier National Park study skin 
collection 

This is the first record of the least weasel from Glacier National Park.—R. R. Lecu.err- 
NER, Ranger Naturalist, West Glacier, Montana. Received September 22, 1953 


WOLVERINE SEEN IN SQUAW VALLEY, CALIFORNIA 


On the morning of July 22, 1953 while conducting a field trip to Squaw Valley, Placer 
County, California, elevation 6100 feet, a wolverine (Gulo luscus) was observed by about 
25 persons enrolled at the Audubon Camp of California, Norden, California 

The wolverine was observed in a meadow of approximately four acres in the midst of a 
lodgepole pine (Pinus contorta) and Jeffrey pine (Pinus jeffreyi) stand about a quarter mile 
inside the entrance of Squaw Valley. When first seen it was walking slowly about in the 
midst of an extensive yellow-bellied marmot (Marmota flaviventris) colony. When we got 
out of our station wagons, which stopped 150 yards away on the road into Squaw Valley 
proper, the wolverine became alarmed and ran off up a slope into an area of large granite 
boulders embedded in the terminal moraine of this glaciated valley. It ran with an undulat- 
ing gait much like that of an otter or marten. From our point of observation the wolverine 
appeared to be about one-half again the size of a full grown badger. 

The party approached the area where the animal had first been seen. There I found tracks 
and what may be the scat of the animal. It is in two pieces. One measures 80 mm. in length 
by 16 mm. in width at the widest place. The other is 43 mm. by 22 mm. The scat contains 
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the hair and claws of what appears to be a Belding squirrel (Citellus beldingi) or Beechey 
ground squirrel (Citellus beecheyi), both common in the area, with the Belding squirrel 
being more abundant. Some of the tracks had five toe marks with claws showing and others 
had four. The tracks were in dust. They resembled wolverine tracks as shown on page 64 
of MAMMALS OF CALIFORNIA (Ingles, Stanford Press, 1947) but were larger. Ingles’ caption 
indicates that the tracks shown in his book are about one-half size. 

In six seasons of ten weeks each of field work in this area, this is the first wolverine that 
we have observed. 

The field leaders of this party, all of whom saw the wolverine and agree as to its identity 
were: Dr. Joel Gustafson, San Francisco State College, Mr. Robert P. Hays, Pasadena 
City College, and myself —Frerpinanp 8. Rutn, Biological Sciences, East Contra Costa 
Junior College, Concord, California. Received October 18, 1953 


INCISOR TOOTH WEAR IN THE SEA OTTER 


Lower incisors of sea otters often become much worn on their anterior surfaces in a plane 
perpendicular to the chewing surfaces of the cheek teeth. The four incisors are evenly re- 
duced to the same level regardless of individual angle or protrusion. The upper incisors re- 
main unworn and do not reach the smoothened faces of the lower teeth. All canines become 
worn at their tips, but the lower ones may also be abraded on their forward surfaces. It is 
evident that the relatively procumbent lower incisors, and less frequently the canines, are 
worn down when the mouth is open, and that the abrasive agent is outside of the mouth 
rather than within the jaws. 

Fifty-four skulls having at least some unbroken upper and lower incisors were examined; 
the wear described was found in both northern and southern sea otters, and in animals of 
each sex. Incisor wear was evident in 32 of 40 skulls classed as adult on the basis of large 
size, sagittal crest development, or wear of molar teeth; the lower canines were abraded in 
9 of these heads. Incisor tooth wear was slight or absent in young animals 

Mollusks comprise about 10 to over 40 per cent of food eaten by the northern sea otter 
(Jones, Trans. Sixteenth N. A. Wildlife Conf., 1951; Murie, Jour. Mamm., 21: 119-131, 
1940). Apparently mussels, limpets, and chitons are dislodged by scraping and prying with 
the lower teeth while the mouth is open, neck muscles probably aiding jaw muscles in draw- 
ing the head forward. The traces of bryozoans, barnacles, pebbles, coral fragments and 
dirt reported from stomach analyses may be taken incidental to removing reluctant shell- 
fish from their substrate in this manner 

Fisher (Jour. Mamm., 20: 21-36, 1939) found that the southern sea otter eats many 
abalones and figured three shells showing ‘‘broken places characteristic of all taken by the 
otters.’’ She said the shells might be broken by the strong canine teeth, but states “‘It is 
still unknown just how the otter detaches the large abalones from the rocks with their small 
paws.’’ Sea urchins are procured with the forepaws, but it is probable that the teeth are 
used to dislodge abalones and that the shells are broken in the process. The cracked portion 
of the shell is about the size and shape of the otter’s bite. The edge of the shell adjacent to 
the siphon pores seems to be attacked more often than the opposite margin in spite of the 
presence there of an inflected flange of shell; that edge is more nearly vertical to the rocks 
and would permit the lower canines of the otter to pry or bite without slipping. With the 
tips of the canines thus engaged the anterior surfaces of the lower incisors and canines might 
be abraded against the rocks to produce the wear noted. 

The author is indebted to D. C. Hooper of the Fish and Wildlife Service for critical com- 
ment, and to the curators of the following collections for making skulls available for study: 
Amer. Mus. Nat. Hist.; Calif. Acad. Sci.; Mus. Vert. Zool.; U. 8. Biological Survey; U. 8. 
Nat. Mus.—Mi.ton HitpEBRAND, Department of Zoology, University of California, Davis. 
Received October 10, 1958. 


GREEN ALGAL GROWTH ON GRAY SEALS 


An unusual plant-animal relationship was observed during the fall of 1951 in the Mira- 
michi River estuary, New Brunswick, while collecting gray seal (Halichoerus grypus) 
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specimens for the Fisheries Research Board of Canada. Similar associations were reporté 
for crippled or pregnant harbour seals by Scheffer and Slipp (Amer. Mid. Nat., 32: 381, 1944 
\ fisherman, Fred Ross, with whom the seals were hunted during the summer and fall, men- 


tioned obtaining some individuals ‘‘with green moss on their backs’’ in previous years. Of 


five seals taken during August of 1951 none were so affected, but two of three pregnant fe 


} 


males taken during the autumn, on September 28 and October 11, exhibited this phenom 


enom. No other seals were taken at this time 
In the water these seals appeare 1 to have a dense mags of long green hair waving fre 





the dorsum. After removal from the water the material lay quite flat and was not so cor 
spicuous as when roughed by the hand. Closer examination showed that the growth cor 
sisted of many strands of green algae attached to the outer parts of the guard hairs | 
minute holdfasts. The length algal strands was from a few millimetres to nin 
inches. The elliptical areas affected on the seals were roughly 36” x 6” on the specimen taker 
September 28, and 46” x 8” on the seal taken October 11. The strands were much less dens 





towards the periphery of the patch, as if it were spreadin adually from a central spot 
where it first became established 

The alga has been identified by Miss Constance MacFarlane of the Nova Scotia Researcl 
Foundation as Enteromorpha groenlandica, a common species in the Maritimes. She add 


It flourishes when kept wet and cool—but on rocks where it is abundant near high wate 


mark it disappears rapidly following one or two hot sunny days.”’ This is a possible reasor 


that it was found on seals in the autumn but not in the summer of 1951, as most of the herd 
will lie out all day if not disturbed. However, in previous summers Mr. Ross has taken some 
seals with the growth, so it is believed more likely that it occurs on only a small proportior 
of the herd at any time. While the gray seals are in the Miramichi estuary, from Jul 
November, they spend much time hauled out on sandbars, as long as they are undisturbed 
and most of them are completely out of water, often for several hours. Some, however, lie 

, } 


the water’s edge with the waves washing over them and this situation would favour tl 


B. A. MackenziE, Atlantic Biological Station, St. Andrews, N. B. Recs 





OCCURRENCE OF ZALOPHUS CALIFORNIANUS IN THE GULI 
OF CALIFORNIA 


Townsend (1899. U.S. Treasury Dept Doc. 2017. Div. of Snecial Agents. pt. 3: pz. 268 
pt., gents, pt. 3; pg 





reports ‘ sea lions Zalopl is californianu along both coasts of Lower Cali 


ig 
they inhabit also the Tres Marias Islands.’’ Townsend’s investigations appearantly included 
e entrance and nothing of the northern part of the Gulf of California 


I 
Nelson (1899, N. Amer. Fauna, 14: 17-18) also reports the presence of 





] 


Marias group. Both Nelson’s and Townsend’s reports are based on sight observation 

In the spring of 1953 two skulls of Zalop/ californiar were presented to the Univer 
sity of Arizona through the courtesy of Dr. John I Lance. The first of these was ar dult 
female (identified | Dr. Robert T. Orr, Calif Acad. Sci from Cholla Bay three miles 


north of Punta Penasco, Sonora, Mexico. The second is an incomplete skull of a voung adult 


from Guaymas, Sonora, Mexico. Reports indicate these pinnepeds are plentiful within the 

Gulf. No large rookeries are known but at least one small rookery at Rocas Consag (55 

miles west of Punta Penasco) has been photographed.—Roserr B. Cutasson, Departmer 
f Zoology, University of Arizona, Tucson. Received September 13, 1953 


OBSERVATIONS ON THE MOVEMENTS OF THE PACIFIC GRAY WHALI 
ESCHRICHTIUS GLAUCUS (COP! 


Through the courtesy of the Scripps Institution of Oceanography a party from the Woods 
Hole Oceanographic Institution was able to conduct study of the Pacific gray whale 
t 


Eschrichtius glaucus (€ ope), of San Diego, California, during its annual southerly migra 


tion. The R/V HORIZON was made available for this work during the period January 28 


February 2, 1952. As a part of the over-all study a running plot of the movements of indi 
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vidual whales and of the ship was maintained by an observer on the Horizon. This plot is 
presented and discussed here. 

The area of operations was bounded on the north by the latitude of Point La Jolla, on the 
south by Point Loma, and on the east by the western edge of the kelp beds, which corre- 
sponds roughly to the twenty fathom curve; the width of the whales’ “‘flyway”’ here ap- 
peared to be not much more than a mile. As pointed out by Dr. Carl L. Hubbs, many whales 
in their southward movement converge on the kelp beds off Point La Jolla. Accordingly it 
became our practice to lie just off these beds, then pick up passing individuals, and follow 
them south. 

’ duration were 
made on separate whales—one on January 30, one on January 31, and two on February 1 


Four runs of between forty minutes’ and two hours and forty minutes 


The plots of these runs appear in Figure 1. To avoid confusion, the ship’s track has been 
omitted. Each dot represents a sighting of a whale at the first blow after a long dive. 

This plot suffers from two basic weaknesses. First, it is a dead reckoning plot, based on 
courses steered by the gyro compass and on speed determined from the shaft revolutions, 
An average visibility of about 1500 yards in the seasonal fog prevented taking visual bear- 
ings on landmarks on the beach for determining geographical location. The second weak- 
ness lies in the method of plotting the position of the whale relative to the ship. Visual bear- 
ings taken on the first blow after the long dive are accurate to plus or minus one degree. The 
ranges were estimated by ‘‘seaman’s eye’’, and occasionally checked by ultrasonic echo- 
ranging. These ranges varied from 200 yards to 900 yards. The possible range errors are prob- 
ably consistent, for one observer did all the plotting 

The speeds averaged over each run were 4.5, 4.6, 4.6, and 4.6 knots. The lowest speed made 
good in a straight line between blows was 2.4 knots, occurring between 1256 and 1259 local 
time on February 1. The highest speed between blows was 6.5 knots, measured between 
1208 and 1220 on January 30. This period represents the longest dive observed. Although it 
was foggy, with visibility of 1500 yards, the sea was very calm. While the possibility exists 
that a blow was missed, the presence of at least two lookouts in addition to the plotter 
makes this possibility seem remote. Andrews (Mem. Amer. Mus. Nat. Hist(N.S.), 1: 227- 
287, 1914) states that the gray whale averages about three or four knots when cruising along 
the shore, and that its maximum speed is seven or eight knots when badly frightened. 
Walker (Nat. Hist., 58: 248-256, 1949) gives a cruising speed of “‘six or seven miles per hour”’ 
as the average for the migrating whales off La Jolla. 

It is felt that this average speed of about 4.6 knots represents a cruising speed of the 
whale. It was our observation that as long as the HORIZON stayed about 4 mile away from 
the whale that we were following, the behavior of that individual was not noticeably differ- 
ernt from that of others observed at greater distances. However, two of our maneuvers did 
disturb the whales. First, when the HoRIZON came within 200 or 300 yards ahead of the whale, 
the whale was seen to veer off to the east or west until well clear of the ship, and then re- 
sume its normal southerly movement. Second, when \% lb. blocks of tetryl-TNT were deto- 
nated in the water within about 500 yards of the whale, the whale usually maneuvered so 
radically that it was not sighted again 

The period of the breathing cycle of the whale as observed here was ordinarily between 
four and five minutes. The cycle usually consisted of three quick blows followed by a long 
dive. The vapor from the first blow after the long dive was the most dense, hence most easily 
spotted. The number of blows agrees with Andrews (1914), who reported a period of from 
seven to eight minutes for the complete cycle when the whale was cruising along shore, and 
a period of four or five minutes for a female on a straight course 


In conclusion the author would like to express his thanks to the Scripps Institution of 
Oceanography for the opportunity of conducting this study, in particular to Mr. James M. 
Snodgrass for his many efforts in arranging details, and to Captain Noel L. Ferris and the 
officers and crew of the Horizon for their excellent cooperation.—Rautru F. Wyrick, Con- 
tribution No. 672 of the Woods Hole Oceanographic Institution, Woods Hole, Massachusetts. 
(This work was performed under Contract No. NObsr-43270 with the Bureau of Ships, U.S. 
Navy Department.) Received November 1, 1953. 
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Simpson is a Neo-Darwinian, and throughout his book, he has ably championed the 
position that combinations of small genetic changes, and their selection under natural con- 
ditions, are the real forces in evolution in the development of new forms. In this, he is 
diametrically opposed to the great geneticist Goldschmidt and the paleontologist Schwinde- 
wolf, who sponsor the hypothesis of macromutations as opposed to the accumulations of 
small mutations in accounting for the changes of evolutionary worth. Simpson has bearded 
them in their own dens, and by means of statistics, the laws of probability, the facts from 
the fossil record, and by logic and inference, has just about relegated their mutationist 
hypothesis into obsolescence. In his discussion of higher categories, Simpson has shown 
conclusively that the large apparent discontinuities between the higher categories are more 
imagined than real, and that in each case where materials from the intermediate time or 
zone have been recovered, they bespeak of a continuum, which negates the hypothesis of 
Goldschmidt and Schwindewolf in accounting for the discontinuities. In all this, Simpson is 
not dogmatic, and does recognize that in some cases single large mutations may have ac 
counted for some few significant events 

In his treatment of orthogenesis Simpsor has shown that it is fictitious as an end product 
of an internally directed force. Moreover, he has demonstrated that there was a significant 
amount of variation in the classical examples of orthogenesis, e.g. Megaloceras, Gryphae, 
etc. He explains the event of orthogenesis on the Darwinian principle of natural selection, 
as an example of narrow adaptation 

The last sections of the book containing the best attempts at synthesis are extremely in 
formative, and bring the various analyses into a meaningful unification. Being a neon- 
tologist, I was pleased to find that here, for the first time, I was actually observing a pale- 


] 


ontologist giving a dynamic concept t lution by studying the individual organisms, 





their populations, genetics, ecology ates of change, etc., rather than merely 


expounding upon it in terms of the relatively static taxonomic categories. One gathers the 
impression that Simpson is starting his analysis of the problem at the level of the animal 
(which is the only tangible thing after all), and not at its assigned taxonomic position 
Simpson has noted in several places, that irrespective of the taxonomic category under 
discussion, it must be remembered that the beginnings of all categories are in theindividuals, 
back at the level of the species and subspecies 

The text lacks an adequate discussion of the gene pool with its additions, mutations, 
recombinations and deletions, with reference to its differential activities concerning the 
lower taxonomic categories. I had hoped to find discussions on such questions as: Are mu- 
tations, or true additions to the gene pool, really operative at the level of the subspecies, or 
is this the result of merely reshuffling the genetic deck? At what taxonomic level do true 
mutations really express themselves? Does gene mutation have significance in a population 
in the development of a new kind below the level of the species? To me, this type of informa 


ion is basic, because here we are at the crux of the problem of what happens to the animal 
Here is the beginning of all taxonomic categories, and we can only progress in our under- 
standing of the whole problem of evolution in proportion to our understanding at this level 

I found few errors in the book. The style of writing is generally complex and somewhat 
difficult. The sentences are long, involved and many are encumbered with parenthetical 
statements. In some places, the exact meaning is still not clear to me. To reiterate, the book 
is excellent and both Doctor Simpson and the Columbia University Press are to be con- 


gratulated for preparing another milestone in this field.—SterHen D. Durrant, Depart- 


ment of Zoology, University of Utah. Salt Lake City 


Hill, W. C. Osman. Primates: CoMPARATIVE ANATOMY AND Taxonomy. Vou. I: StREp- 
SIRHINI. Edinburgh University Press, xxiii + 798 pp., 34 pls., 199 figs. 1953. Price £5:5s. 

There does not exist for any order of mammals a monograph fully reviewing its current 
biology. Non-primatologists, long inured to this deficiency in their own special fields, may 
be surprised to learn that this is true also for the seemingly over-studied order Primates. 
The two works which have had to serve in some degree are Forbes’ HANDBOOK (1894) and 
Elliot’s REVIEW (1913). These works, however, are about half a century behind current 
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needs, and Dr. Hill, in his preface to the volume under review, modestly cites their antiq- 
uity as a partial justification for his monograph. Actually these two works, even in their 
day, were not definitive, since they dealt with only the most superficial taxonomy and the 
briefest natural history; and only the older one even cataloged the fossil forms then known. 
Dr. Hill’s plan, with its first fulfillment in this volume devoted to the lemurs, galagos and 
lorises, is for a much more comprehensive work, covering not only taxonomy and compar 
ative anatomy, as the title indicates, but also a treatment of development, physiology, 
behavior, ecology, and paleontology, insofar as the literature and his own researches make 
it possible. The only work at all comparable in scope, but on a much more limited scale, is 
Wood Jones’ MAN’S PLACE AMONG THE MAMMALS (1929 

The work is taxonomically organized, with a review at each hierarchical level, of the 
relevant history, structure, reproduction, development, behavior, distribution and taxon 
omy. The index, with main entries in boldface type and illustrations indicated by asterisks, 
helps to locate the level at which one will find various features in this necessarily complex 
and somewhat repetitive scheme. 

The taxonomy is mainly dedicated to expediting the identification of material, and 
omits nomenclatorial controversies and exhaustive synonomies. In all, 98 subspecies (‘‘re 
legated to small type so as to avoid embarrassment to the seeker after purely general or 
morphological information’’) and 139 species (31 living and 98 fossil) are treated. These 


constitute 17 living and 41 extinct genera. Al! but three of the living genera are illustrated 





in the 44 plates by either a living or mounted specime n or a skeleton, and in some cases \ 
both. The generic categories Altililemur and Myozicebus are absorbed in Cheirogaleus, and 
Mizocebus in Lepilemur; Euoticus, Galagoides and Phaner are given generic distinction 
The name Avahi is given precedence over Lichanotus. The Cheirogaleinae are ranked as 
lemurs but their lorisoid features are pointed out. Fifteen maps give the distribution of al 
but eight of the living species 

The higher taxonomic categories adopted are inevitably controversial. The tupaioid 
are not granted primate status, though five families of fossils, perhaps more divergent from 
the adopted definition of the order, are included. The lorisoids and lemuroids are give 
subordinal rank and grouped under a grade Strepsirhini. The tarsioids are removed from 
this grade as set up by Geoffroy, and grouped with the platyrrhines and catarrhines as the 
Haplorhini. This bipartite division of the order, originated by Pocock and championed by 
Wood Jones, has not been generally adopted. It is based on characters of the rhinarium 
which are regarded by many as of insufficient significance, of too limited applicability since 
unknowable in fossil forms, and contradictory to the ever growing paleontological evidence 
of the fundamental similarity of the tarsioids to the lemuroids. Many readers would doubt 
less have preferred that this work, destined for so long and universal reference, had used the 
more common and non-committal tripartite divisicn of the order, leaving to the future the 
assignment of the controversial tarsioids 

The bulk of the volume is anatomical, presenting a vast compendium from the widespread 
literature and unpublished studies of the author and others. The fullest treatment is given 
those subjects most indebted to the original researches of Dr. Hill—alimentary tract and 
external features, including genitalia—and more than half of the 199 text figures are de 
voted to them. Another third of the figures illustrate skulls; remaining ones are of muscles 
and brains 

A large variety of readers will long be thankful to Dr. Hill for his arduous labors in 
assembling this useful reference work and organizing it with more common sense and fun 
tional perspective than the usual cataloging type of source. Since he has accomplished so 
much it may seem ungracious to complain that he has not done more, but the author has 
felt, he tells us in his preface, the need of a compendium ‘“‘in which the gaps in our knowledge 
could be readily detected’’. This would presume a degree of completeness all but impossible 
for a single worker to achieve, and Dr. Hill nowhere claims to have done so. He does, how 


ever, inform his readers that this work “‘is the immediate outcome of the need expressed 


above’’ and it would be unfortunate if it were then assumed that the sizeable gaps in the 
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book necessarily represent real lacunae in the published field. (There is next to nothing on 
the peripheral nervous system, for example, and some excellent papers written on various 
subjects during the past few decades are missed while superseded nineteenth century ones 


are quoted.) A general statement of what he felt he had accomplished, what he had not 


attempted, and, from his perspective, what areas are most urgently in need of study would 
have made his book even more helpful 

This large, handsome volume represents a milestone in the history of primatology. For 
the first time a man with the requisite grasp, « 


whelming task of gathering the widespread fragments of the subject into an organic whole 


nergy and courage has undertaken the over- 


x 





others 





That he should miss some items and misconst s inevitable in so vast an under- 


taking; it is really surprising that there appear to be so few. This is bound to become the 
standard reference work on the primates providing a guide and stimulus to a wide variety of 
rkers who eagerly await the succeeding volumes.—G. E. Ertxson, Department of Anat 


H vard Medical School Boston 15. Massach off 


Bourliére, Francois. THe Natrurat History or Mammats. Alfred A Knopf, New 
York. x + 363 pp. Illus. 1954. Price, $5.00. (Translated from the French by H. M. 
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Walker, Ernest P. Toe Monkey Boox. The Macmillan Company, New York. 153 pp 


1 1954. P $6 50 
This book reflects the great affection the author holds for his charges in the National 


D.C. No one who has heard him talk about them can doubt 


nd all who read this work will be convinced of it 

book is the collection of fine plates, many from photographs 

the appearance and external characters of most of the genera 
llustrations of the rarer forms are taken from the works of 
special interest of the Owl! 


scusses in detail the facts of monkev care. That this informa 


il experience is made quite obvious by the practical advice 
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given on all aspects of the subject. Even instructions for maintaining insect cultures for food 
are given. Thesections on capturing escapees and on housebreaking may conjure some humor 
in readers’ minds 

The second part of the book contains a brief discussion of each of the species illustrated 
on a facing page. In this discussion information is given on general distribution, size, char 
acteristics, natural food, habits, reproduction, occurrence and care in captivity, availability 
as pets, and suggested foods for captive animals. A surprising amount of general information 
is condensed on these pages 

While aimed at those with a special interest in monkeys as pets, the book provides mam- 


malogists with a compact general survey of the principal genera of Primates. The plates 


alone would be well worth having on the shelf.—W. Roserr Eap1 


Robertson, R. B. Or WHALES AND MEn. Alfred A. Knopf, New York. xii + 300 pp 
I PI 

1954. Price, $4.50 
This is a book that makes good casu il reading for a mammalogist. While much of the 


book is concerned with a psychiatrist’s viewpoint s and observations on the men engaged in 


international whaling in the South Atlantic, there is much information of a fascinating kind 
on the modern, practic il science of whaling and on the whales themselves 


In a chapter called 


I ‘Brobdingnagian Butcher’s Shop’”’ some very graphic data are given 
on the actual sizes and weights of the various anatomical parts of an 89-foot blue whale 
(Sibbaldus musculus). This creature had a total weight of about 120 long tons and yielded 


27 tons of oil. The tongue weighed three tons; the lungs, one ton; the heart, kidneys and 


stomach, each one-half ton; the liver, one ton; and there were eight tons of blood! Some of 


the data are made even more graphic by comparisons with familiar things. For example, it is 
stated that while the skull was about the size of a motor car, the contained brain was not 
much bigger than a carburetor. Also, there was enough meat to supply a ‘“‘hamburger’”’ to 
every person in Boston, Massachusetts (the presumptive implications of this statement are 


} } 


insidious). The cash value of such a whale was estimated at about six thousand dollars 





There are excellent descriptions of the ruthless efficiency of modern whaling and the 


“factory ship.’’ Such descriptions bring very sharply to the reader the strong necessity for 
continued international regulation of this great industry if the magnificent mammals on 


which the industry is based are to survive as species.—W. Rosert Eap1 


Eadie, W. Robert. ANrimaL CONTROL IN FreLp, FARM AaNp Forest. New York. The 
pp. 1954. Price, $3.75 

An obvious need has existed for some time for a book about the control of mammals 
including information about their habits, economic status and role in biotic communities 


Eadie has ably filled this niche. J. Henderson and E. Craig in their book ‘‘Economic Mam 





Macmillan Comp any, vi 








malogy’’, published in 1932, did not discuss specific control measures. The present work 


brings together and up-to-date the vast amount of widely scattered literature on control 


procedures and the economy of mammals, and is a valuable addition to the library of a 
wildlife or economic biologist 


Ihe improvement of this book as compared with earlier works on economic mammal 





is that the author has a good knowledge of wildlife ecology and management and tries to 


stress the value of applying principles of this science to control measures 


Each species is dealt with under three main headings: ‘‘Identification and habits”’ dis 
cusses briefly what is known on the subject today. Under ‘‘Economic status’”’ a good deal 
of information is presented which is not normally available in books about mammals. The 


section on ‘‘Control’’ discusses actual control practices and techniques as they are in use 


today. The author stresses in several places that it is much more advisable to try to destroy 


t 
individuals which actually cause damage rather than whole populations of that species 


The book is very readable for the average person The author has omitted references to 


papers in the text, but presents these at the end of a discussion of a group of mammals. This 


approach greatly improves the readability of the volume, but has perhaps the disadvantage 
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1953. (New: Ovis ammon ullersleviensia 
Herre, Wor. Die Herkunft des Alpakka. Saéugetierk. Mitteil., Stuttgart, vol. 1, no. 4 
pp 176-177. October 1, 1953 
HerRTER, KonrAD, AND MARGARETHE Herter. Kaspar Hauser-Versuche mit IItissen 
Zool. Anzeiger, vol. 151, nos. 7-8 pp. 175-185. October, 1953 
Hewitt, Outver H. (editor) A symposium on cycles in animal populations. Jour. Wildlife 
Management, Ithaca, vol. 18, no. 1, pp. 1-112, illus. January, 1954. (Articles by 
11 authors 


Hrsparp, CLaupe W A new Pliocene vertebrate fauna from Oklahoma, Papers Michigan 
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Acad. Sci., Arts & Letters, vol. 39, pp. 339-359, illus. April, 1954. (New: Buis- Je 
nictis schoffi, Citellus dotti, Pliogeomys, P. buis 


Hitt, W. C. Osman. The female reproductive organs of Tarsius, with observations on the J 





physiological changes therein. Proc. Zool. Soc. London, vol. 123, pt. 3, pp. 589 
598, illus. November 20, 1953 J 


Hitt, W. C. Osman. The blood-vascular system of Tarsius. Proc. Zool. Soc. London, vol 





123, pt. 3, pp. 655-694, pls 1-3. November 20. 1953 
Hitt, W.C Osman, anp R. E. REwe.v. The caecum of monotremes and marsupials. Trans IN 
Zool. Soc. London, vol. 28 pt. 2, pp 185-240 pls 1-8. January, 1954 


Hinze, G. Bestand des Elbe-Bibers, Castor fiber albicus Matschie, 1907. Sdugetierk. Mitteil.., K 








Hopce, Leo, anp W. Tree. A wort 


no. 11, p. 207. March, 1954 


the dingo. Victorian Naturalist, Melbourne, vol. 7 K 





Hort ‘ER, DONALD F .. Zoogeographic immals of Illinois. Trans K 
Illinois Acad. Sci., vol. 46, py 
soutneas Arizona Na His 
1, 1954 
mmals. Nat. Hist. Misc., Chicag 
h 
) monke Cercopithe u 
122, no pp. 570-58 
fau egion (excepting tl 
ge, 1 no. 2, pp. 37-113. D 
I. Stegodon spec. Zool. Meded 
107-112 5. Octobe 195 
Il. M molars and pre! 
el. Rijksmus. Nat. His 
| 
s spe | refer 
Michig \ Art t 
J Range Manag 
I s f Il. O 
I lorp! 2,1 s. 195 
H R M ) Perog hu 8 Baja ¢ Me 
lrans. San Diego Soc. Nat. H 12 : 2. Ma 1954. (N 
H A LO s ‘ j ¢ Ss ebe 78 
mauge I Y Stuttgar v 7 76. Oetobe 1953 
H \ B.H routs. O f cepede Table 
mammiféres ¢ les oiseaux,’’ with remarks on two hitherto overlooked species 
Lori bengalensis Lacepade, 1800, and Ornithorynchus novae hollandiae Lacepé 
800. Zool. Mededel. I Nat. Hist. Li 2 19, pp. 211-2 
Decer ¢ 195 
I W. {I Zur Verbreitung Le s é Gewimperten Fledern 
Vi Creotir« 1806 5 \ vi € Stugg V 
| 5-148 us. Or 195. . 
JENK D. H. Beaver seas Michigan Co V 1s 2. 2,1 d 
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ind winter record of silver-haired bat for Washington State 





vol. 34, no. 2. p. 32. October 5. 1953 
iES, Frep L. An unusual cause of deer mortality. Jour. Wildlife Management, Ithaca. 
18, no. 1, p. 142. January, 1954 








iale (Balaenoptera physalus) with six foetuses. Norsk Hvalfangst- 
Tidende (Norwegian Whaling Gazett Sandefjord, vol. 42, no. 12, pp. 685- 


nber. 1953. (In Norwegian and 





£1 





m Azerbaidzhane. Zool. Zhurnal, vol. 32, no. 6, pp. 1222-1233. 1953 


HAJURIA, H. Taxonomic studies on some Indian Chiroptera. Records Indian Mus., vol. 


O vzaimootnoshenii khishchnikh ptits i obshchestvennoi polevki v 











idea. Records n Mus 5 t. 2, pp. 129-145. 1953 
rnr4. H. J non status t Celebes | I ( monke 4 rema case of 
convergence. Re is Indian Mus 50, pts. 3-4, pp. 301-30 New 
Cur ” for Patz ( é 
i ( Les réserves de lu Car Mar ia, Paris, vo 7.4 1, pp 
270-274, map. December, 195 


HIN J. W. A new species of fossil baboor m Potgietersrust. South African Jour. 





S 50 ,. pp. 66-69. O ¢ 105 r Gorgopithe ell 
KI, Kazim Mate : g f s tion and ecology of « bats in 
P Fragme Faunistica Mus. Zool. Polonici, Warsaw, vol. 6, no. 21, pp 
7 Pe De 5 I Pol Russia English summaries 
T . W | " H ~ K ttect R | ea snowshoe hare 
: mag I he | States. Jour. Wildlife Manage 
7 7 ¥ {Q7 ) () 105 
> Vv R ‘ ) % N ¢ Ti dcx . Ve 1, ol 
yf Z Y *) > T) ¢ Uf, 





| ‘ n y' ) 
I I WALTER H. I g extent of nrex non 
: i I ns ere! the hoh< + ¢ ] 
Fish & ( 97-538 
94-207 r 29-345 Sept 
Eine Villafr | n der I 
4 Ni Tal Geo & p Stuttg 
437-46 us. Octobe 195 
~ I I aee le ( ib Bu 8 8. DI ) 57. On be 
. 
5 k F. Fraser D }. Effects S moos« n 
Alas rans. 18 No! \ W e Uo Wildl Management Ins pp 
553 FeO JOR4 


1 
A. 





J. R. A new Pseudaelarus from the lower Snake Creek fauna of Nebraska 


Jour. Paleonto \ 28, n pp. 67-69, illus. January, 1954. (New: P 





porcupine and the chinchilla. Experientia, 
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Maxrno, 8. Notes on the chromosomes of the Peromysci (Rodentia-Cricetidae). Expe- 
rientia, Sapporo, Japan, vol. 9, no. 6, p. 214. 1953. 
, Sasrro. Chromosome numbers of some American rodents. Science, vol. 118, no. 
3073, p. 630. November 20, 1953. 
Maktno, Sasrro. Chromosome numbers of some American rodents. Misc. Repts. Yama- 
shina’s Inst. Ornithol. & Zool., Tokyo, no. 3, p. 4. December, 1953. 
Makino, Sasrro, Kyéxo Kan6é, anp Masaaki Taxanasni. A strain of Wistar albinos 
producing a large litter. Misc. Repts. Yamashina’s Inst. Ornithol. & Zool., 
Tokyo, no. 3, pp. 47-50. December, 1953. (Laboratory rats; in Japanese, with 
English summary 


MAKINO 


MALDONADO-KOERDELL, M. Segundo hallazgo de sirénidos fésiles en México. Ciencia, 
Mexico, vol. 13, nos. 7-8, pp. 146-148. November 20, 1953. 

MANN, Puiturp H. Four cases of posterior reduplication in the albino Norway rat. Jour 
Tennessee Acad. Sci., vol. 29, no. 1, pp. 9-11. January, 1954. 

MarsHatL, Wiiu1amM H. Ruffed grouse and snowshoe hare populations on the Cloquet 
Experimental Forest, Minnesota. Jour. Wildlife Management, Ithaca, vol 18., 
no. 1, pp. 109-112. January, 1954 

Mayer, Wruu1aM V. Acclimatization of the Barrow ground squirrel, Citellus parryi barro- 
wensis. Anat. Record, vol. 117, no. 3, p. 607. November, 1953. 

McIntoss, A. S., anp G. B. SHarman. The chromosomes of some species of marsupials 
Jour. Morphol., Philadelphia, vol. 95, no. 3, pp. 509-532. November, 1953 

Meester, J. The genera of African shrews. Ann. Transvaal Mus., vol. 22, pt. 2, pp. 205 
213. November 25, 1953. 

MetIsTeR, WALDEMAR, AND D. Dwiaeut Davis. Placentation of a primitive insectivore 
Echinosorex gymnura. Fieldiana: Zoology, Chicago Nat. Hist. Mus., vol. 35, 
no. 2, pp. 11--26, pls. 4-9. October 7, 1953 

Menparerm, H. Wurmkrankheiten bei Affen nebst einigen Bemerkungen iiber eine neuartig 
Behandlung. Saugetierk. Mitteil., Stuttgart, vol. 1, no. 4, pp. 167-170, illus 
October 1, 1953. 

Monauan, Rosert 8. Bringing back the marten. Dartmouth Alumni Mag., Hanover, vol 
46, no. 2, p. 88. November, 1953. (Reintroduction in northern New Hampshire 

Moore, JosepH Curtis. Raccoon parade. Everglades Nat. Hist., Homestead, Florid 
vol. 1, no. 3, pp. 119-126, illus. September, 1953 

Moore, Joseru Curtis. Shrew on box turtle menu. Everglades Nat. Hist., Homestead 
Florida, vol. 1, no. 3, p. 129. September, 1953 

Moore, Josern C. Want to see a Florida manatee? Animal Kingdom, New York Zool 
Soc., vol. 57, no. 1, pp. 11-13, illus. February, 1954 

Moore, J. E. Notes on the pallid vole and the grasshopper mouse in Alberta. Canadian 

Field-Nat., vol. 67, no. 4, pp. 154-156. October-December, 1953 

A. P. The statistical analysis of the Canadian lynx cycle. II. Synchronizatio 

and meteorology. Australian Jour. Zool., vol. 1, no. 3, pp. 291-298. December 

1953 

Moran, Ricnarp J. Trapping and marking squirrels on a refuge in southern Illinois. Trans 
Illinois Acad. Sci., vol. 46, pp. 258-262. 1953 

Mora!Levskayra, I. E. Polevka obshchestvennaya (Microtus socialis Pall.) v drevesnikb 
pitomnikakh. Soobshcheniya Akad. Nauk Gruzinskoi SSR, vol. 14, no. 6, pp 
351-355. 1953. 

Morozova-Turova, L. G. Novii podvid laski iz srednei Azii. Zool. Zhurnal, Moscow, vol 
32, no. 6, pp. 1267-1269. 1953. (New: Mustela nivalis heptneri) 

MULLER, JOHANNA. Observations on the orbital region of the skull of the Mystacoceti. 
Zool. Mededel. Rijksmus. Nat. Hist. Leiden, vol. 32, no. 23, pp. 279-290, illus 
February 22, 1954 

Oattvis, C. 8. The behaviour of seladang (Bibos gaurus). Oryx, vol. 2, no. 3, pp. 167-169 
November, 1953 
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OxapA, TAICHTRO, AND Ryosr Hayasat. Studies on the Delphinidae of Japan (IV). Notes on 
the migration and foetus of Phocaenoides dalli (True) in Japan. Rept. Faculty 
Fisheries Prefectural Univ. Mie, vol. 1, no. 1, pp. 4-6, pl. 1. September 30, 1951. 
O.rvrer, GeorcEs. Origine des artéres fémorale profonde et circonflexes chez le semnopi- 
théque. Mammalia, Paris, vol. 17, no. 4, pp. 295-305, illus. December, 1953. 
Orr, Rosert T. Natural history of the pallid bat, Antrozous pallidus (Le Conte). Proc. 
California Acad. Sci., San Francisco, ser. 4, vol. 28, no. 4, pp. 165-246, illus. 
January 7, 1954 
Orsini, Marcaret Warp. The trophoblastic giant cells and endovascular cells associated 
with pregnancy in the hamster, Cricetus auratus. Amer. Jour. Anat., vol. 94, 
no. 2, pp. 273-331. March, 1954 
OssorNneE, Dove.as. Archaeological occurrences 
in the Columbia Plateau. Sci. Monthly, vol. 77, no. 5, pp. 260-269, illus. Novem- 


f pronghorn antelope, bison, and horse 


ber, 1953 
Ostspy, Haratp. The Norwegian small whale hunting. Norsk Hvalfangst-Tidende (Nor 


Sandefjord, vol. 42, no. 12, pp. 698-712. December, 





wegian Whaling Gazette 
1953. (In Norwegian and English 
Orrow, B. Sondervorgiinge in der Fortpflanzungsphysiologie der Saéugetiere. Siugetierk. 
Mitteil., Stuggart, vol. 1, no. 4, pp. 154-162. October 1, 1953 


PaLMER, Harris. Late Pleistocene material from the Des Moines area. Proc. Iowa Acad. 


Sci., Des Moines, vol. 60, pp. 399-402, illus. February, 1954 
PaLMER, Raupu S. The mountain lion, our largest cat (cougar, puma or panther). Bulletin 
to the Schools, Univ. State of New York, vol. 40, no. 6, cover and p. 176. February, 
1954 
PAULIAN, Patrice. Pinnipédes, cétacés, oiseaux des Iles Kerguelen et Amsterdam. Mem 
Inst. Sci. Madagascar, ser. A, vol. 8, pp. 111-234, illus. 1933 
PETERLE, Tony, J. An observation on otter feeding. Jour. Wildlife Management, Ithaca 
vol. 18, no. 1, pp. 141-142. January, 1 
PETERSON, RANDOLPH L. Notes on the eastern distribution of Eutamias minimus. Contrib. 
Royal Ontario Mus. Zool. & Palaeontol., Toronto, no. 37, pp. 1-4, map. December 


31, 1953 





Taxonomic status of the European hare in 
I 


Ontario. Contrib toval Ontarik Mus 7, ol. & Palaeontol Toronto. no. 38 pp 


1-7. January 31, 1954 
PeTTerR. FRANCIS Rtude d’une collection de scuiridés du Cameroun. Bull. Mus. Nat. Hist 


Nat Paris, ser. 2. vol. 25. no. 5. pp. 433-436. October, 1953 


Petrer, Francis. Note préliminaire sur |’éthologie et l’écologie de Meriones libycus (Ron- 


geurs, Gerbillidés). Mammalia, Paris, vol. 17, no. 4, pp. 281-294, illus. December, 
1953 

PEt H, Hans. Uber Zusammengewohnungsversuche zwischen Cricetus cricetus L., Meso- 

cetus auratus Waterhouse und Arvicola terrestris L., sowie dabei beobachtete 

1.151, nos. 7-8, pp. 134-138. October, 


ergebnislose Begattunger Z Anzeiger. vo 





1953 

Prxe, Gorpon C. Whaling on the coast of British Columbia. Norsk Hvalfangst-Tidende 
Norwegian Whaling Gazette Sandefjord, vol. 43, no. 3, pp. 117-127, illus 
March, 1954 

PotpEeR, Emmett. A check list of mammals of present occurrence in Iowa with notes on 

new additions and distribution since 1937. Proc. Iowa Acad. Sci., Des Moines, 
vol. 60, pp. 716-724. February, 1954 

Potyakov, I. Y., anp 8. G. Pecerman. Nekotorie izmeneniya fiziologicheskikh osoben- 


nostei obiknovennoi i obshchestvennoi polevok v proshesse individualnogo 
razvitiva. Zool. Zhurnal, Moscow. vol. 32. no. 6, pp 1259-1266. 1953. (Microtus 
arvalis and M. socialis 


Prick, Myranwy. The reproductive cycle of the water shrew, Neomys fodiens bicolor 
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Shaw. Proc. Zool. Soc. London, vol. 123, pt. 3, pp. 599-621, pls. 1-4. November 
20, 1953. 

Pruitt, Wiii1aM O., Jr. Additional animal remains from under Sleeping Bear Dune, 
Leelanau County, Michigan. Papers Michigan Acad. Sci., Arts & Letters, vol 
39, pp. 253-256. 1954. 

Quay, Wiisur B. The Meibomian glands of voles and lemmings (Microtinae). Mise. Publ 
Mus. Zool. Univ. Michigan, Ann Arbor, no. 82, pp. 17, pls. 3. March 17, 1954 

tauscH, Ropert. On the land mammals of St. Lawrence Island, Alaska. Murrelet, Seattle 
vol. 34, no. 2, pp. 18-26. October 5, 1953 

RaYMENT, TARLTON. Australia’s bandicoots. Victorian Naturalist, Melbourne, vol. 70. 

o. 11, pp. 194-196. March, 1954. 

Reep, CHarwes A. Some fossorial mammals from the Tertiary of western North America 
Jour. Paleontol., vol. 28, no. 1, pp. 102-111, illus. January, 1954. (New: Cry 
toryctes, C. kayt 

Reyno ps, 8. R. M. Circulatory adaptations to birth. Sci. Monthly, vol. 77, no. 4, pp. 205 
213, illus. October, 1953 

Ricuter, C. P., anp H. D. Mosrer, Jr. Maximum sodium chloride intake and thirst in 
domesticated and wild Norway rats. Amer. Jour. Physiol., vol. 176, no. 2, pp 
213-222. February, 1954 

Ricuter, Curt P., anp E. H. UfLeENHuTH. Comparison of the effects of gonadectomy or 
spontaneous activity of wild and domesticated Norway rats. Endocrinology, 
Springfield, Illinois, vol. 54, no. 3, pp. 311-322. March, 1954. 

RUBENSTEIN, Boris B. Sperm survival in rodents? Science, vol. 118, no. 3071, p. 564. No 
vember 6, 1953 

RussE..L, Rogpert J. Four new pocket gophers of the genus Cratogeomys from Jalisc 
Mexico. Univ. Kansas Publ., Mus. Nat. Hist., vol. 5, no. 31, pp. 535-542. October 
15, 1953. (New: C gymnurus tellus, C. g. atratus, C. zinseri zodius, C. z. morulu 

RussE.L, Rosert J. Mammals from Cooke County, Texas. Texas Jour. Sci., vol. 5, no. 4 
pp. 454-464. December, 1953 

RYCKMAN, RaymMonp E. Karu C. Fiscuer, Cuartes T. AmMes, AND CHESTER C. LIND? 
The electric fence as an aid in field studies of rodents and their ectoparasites 
California Fish & Game, vol. 39, no. 4, pp. 489-496, illus. October, 1953 

Sarnt-Grrons, M. C., anp F. Perrer. Notes sur quelques petits mammiféres du Maro 
atlantique. Mammalia, Paris, vol. 17, no. 4, pp. 318-321. December, 1953 

SANBORN, CoLin CAMPBELL. April record of silver-haired bat in Oregon. Murrelet, Seattk 
vol. 34, no. 2, p. 32 October 5, 1953 

SANBORN, CoLin CAMPBELL, AND Harry HooGstrRaat. Some mammals of Yemen and the 
ectoparasites. Fieldiana-Zool., Chicago Nat. Hist. Mus., vol. 34, no. 23, py 


229-252. December 30, 1953. (New: Muomys f imatus yemeni, Gerbillus cheesmar 


maritimus 
SANBORN, CoLIn CAMPBELL. Bats of the United States. Public Health Repts., U. 8. Public 
Health Service, Washington, vol. 69, no. 1, pp. 17-28, illus. January, 1954 
SAPIN-JALOUSTRE, J. L’identification des cétacés antarctiques A la mer. Mammalia, Paris 
9, pl. 10. December, 1953 





vol. 17, no. 4, p 


SatTuHer, J. Henry. The dentition method of aging muskrats. Nat. Hist. Misc., Chicago 


Acad. Sci., no. 130, pp. 3. March 8, 1954 

Scuaus, SAMUEL, AND HetmutTH Zapre. Die Fauna der miozinen Spaltenfiillung vo 
Neudorf an der March (CSR). Simplicidentata. Sitzungsberichte Osterreichisch¢ 
Akad. Wiss., Abt. 1, Band 162, Heft 3, pp. 181-215. June 11, 1953. (New: Pseud 
theridomys carpathicus, Cricetodon brevis vindobonensis, C. helveticus latior, ( 
h. weinfurteri, Neocometes brunonis 


ScHEVILL, W. E., anp BarBaRA LAWRENCE. Auditory response of a bottle-nosed porpois¢ 


Tursiops truncatus, to frequencies above 100 KC. Jour. Exper. Zool., Phi 
delphia, vol. 124, no. 1, pp. 147-166, illus. October, 1953. 
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ScHNEIDER, Kart Max. Uber die Tragzeit des Eisbiren (Thalassarctus maritimus Erx].) 
Zool. Anzeiger, vol. 151, nos. 7-8, pp. 210-225. October, 1953. 

Scuuttz, VINCENT. Status of the bobcat in Tennessee. Jour. Tennessee Acad. Sci., vol. 29 
no. 1, pp. 66-72. January, 1954 





’ 


Scuuttz, VINCENT, Status of the beaver and otter in Tennessee. Jour. Tennessee Acad. 

Sci., vol. 29, no. 1, pp. 73-81. January, 1954 

Spra, G. L. La posizione zoologica del genere mammale miocenico Desmostylus. Arch. Zool 
Ital., vol. 38. pp 485-506. illus. March, 1954. 

SERGEANT, Davip E. Whaling in Newfoundland and Labrador waters. Norsk Hvalfangst- 
Tidende (Norwegian Whaling Gazette), Sandefjord, vol 
December, 1953. (In Norwegian and English 

Serzer, Henry W. Four new 





42, no. 12, pp. 687-695. 


1ammals from the Anglo-Egyptian Sudan. Jour. Washington 
Acad. Sci., vol. 43, no. 10, pp. 333-335. October 22, 1953 New: G raphiurus 
murinus sudanensis, Otomys orestes giloensis, Mus triton imatonaensis. M. bellus 


aequatorius 





Serzer, Henry W. A new squirrel from the Anglo-Egyptian Sudan. Proc. Biol. Soc. Wash 


ington, vol. 67, pp. 87 88. March 22, 1954. (New: Heliosciurus gqambianus hoog 
straal 

SHaDLe, ALBERT R. Natural parturition of a porcupine and first reactions of the porcupette 
Ohio Jour. Sci., vol. 54, no. 1, pp. 42-44. January, 1954 

SHEBBEARE, E. O. Status of the three Asiatic rhinoceros. Oryx, vol. 2, no. 3, pp. 141-149 
November, 1953 


raphy. An essay on historica 


Srmpson, GeorGcE Gay.orp. Evolution and geog 
: 


biogeography 
with special reference to mammals. Condon Lectures, Oregon State System Higher 
Educ 

Simpson, Greorce GayLorp. An apatemyid from the early Eocene of New Mexico. Amer 
Mus. Novitates, New York, no. 1654, pp. 4. January 22, 1954. (New: Teilhardella 


whitaker 


ion, Eugene, pp. 7-64, illus. 1953 





SmitH, Evrzapetru. Studies on the life history of non-cave-dwelling bats in northeastern 


54, no. 1, pp. 1-12. January, 1954 
STAATS, JOAN A classified bibliography of inbred 





Ohio. Ohio Jour. Se vol 





mice. Science, vol. 119, no 

3087, pp. 295-296, illus. February 26, 1954 
,cH, JAN. Ursus wenzensis, nowy gatunek matego niedéwiedzia pliocenskiego. Ursus 
r. Acta Geol. Polonica, vol 


, pp. 103-136, illus. 1953. (New: U. wenzensis; description in English, pp. 21-24 





wenzensis n. sp., a new species of small Pliocene | 


STEINBACHER, GEorG. Situationseinsicht bei Affen. Siugetierk. Mitteil., Stuttgart, vol 
1, no. 4, pp. 178-179, illus. October 1, 1953 

Steven, D. M. Notes on a collection of small mammals from western Norws: Univ. Bergen 
Arbok 1952, Naturvitenskapelig Bekke, no. 6, pp. 1-13. 1953 

Srravus, WiiuiAM L., Jr. The great Piltdown hoax. Science, vol. 119, no. 3087, pp. 265-269 
February 26, 1954 

SuLLIVAN, BERNARD J., AND JosEPH T. MULLEN. Effects of environmental temperature on 


oxygen consumption in arctic and temperate-zone mammals. Physiological Zool., 





Chicago, vol. 27, no. 1, pp. 21-28. January, 1954 


SuMNER, LOWELL, AND GEeorGE L. Couns. Arctic wilderness. Living Wilderness, Wash 


ington, vol. 18, no 47, pp 5-15. illus. Winter. 1953-54. (Otter. Dal! sheep. caribou. 





grizzly and polar bears 
SUOMALAINEN, Paavo, AND IRENE SuvanrTo. Studies on the physiology of the hibernating 
hedgehog. 1. The body temperature. Ann. Acad. Sci. Fennicae, ser. A, no. 20, 
pp. 20. 1953 
uzuKI, Akio. On the census of coat colors in cat (I). Mise. Repts. Yamashina’s Inst 
Ornithol. & Zool., Tokyo, no. 3, pp. 48-44. December, 1953. (In Japanese, with 
English summary 
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Szunrocuy, J. The harvest mouse in Hungary, I. Ann. Hist.-Nat. Mus. Nat. Hungarici, 
n.s., vol. 3, pp. 245-249. 1952. 

Taxkasuima, Harvo. Considerations on the change of animal life in Japan (1). Misc. Repts. 
Yamashina’s Inst. Ornithol. & Zool., Tokyo, no. 3, p. 5-17, illus. December, 
1953. (In Japanese, with English summary) 

Tamsitt, J. R. The mammals of two areas in the Big Bend Region of Trans-Pecos Texas. 
Texas Jour. Sci., vol. 6, no. 1, pp. 33-61. March, 1954. 

Tatartinov, K. A. Novie nakhodki v SSSR dlinnoukhoi nochnitsi (Myotis bechsteinii 
Kiihl, Mammalia, Chiroptera). Zool. Zhurnal, Moscow, vol. 32, no. 6, pp. 1276- 
1280. 1953. 

Terra, Heimut ve. A strange Pleistocene fossil locality in Mexico. Science, vol. 118, no. 
3077, pp. 748-749. December 18, 1953. 

TueEntivus, Ertcu. Gepardreste aus dem Altquartiir von Hundsheim in Niederdsterreich. 
Neues Jahrb. Geol. & Paliontol., Stuttgart, Monatshefte, 1953, no. 5, pp. 225 
238, illus. May, 1953. (New: Acinonyz intermedius) 

Tuomson, A. P. D. The onset of oestrus in normal and blinded ferrets. Proc. Roy. Soc 
London, Ser. B, vol. 142, no. 906, pp. 126-135. February, 1954. 

Trapp, Dan Lincoun. Return of the outcast elk. Pacific Discovery, vol. 6, no. 6, pp. 3 
illus. November-December, 1953. (Tule elk of California.) 

Topsras, Purturr V. Trends in the evolution of mammalian chromosomes. South African 
Jour. Sci., vol. 50, no. 5, pp. 134-140. December, 1953 

Tosin, Hernz. Die oberpliozine Saéugerfauna Wélfersheim-Wetterau. Zeitschr. Deutsch 
Geol. Ges., Bd. 104, p. 191. 1952 

Toxin, Hernz. Uber die Funktion der seitenzehen tridactyler Equiden. Neues Jahrb. Geol 
& Paliontol., vol. 96, no. 1, pp. 137-172, illus. December, 1952. 

Tratz, E. P. Bestand des Alpenbiiren, Ursus arctos Linné, 1758. Saiugetierk. Mitteil., 
Stuttgart, vol. 1, no. 4, pp. 174-175. October 1, 1953 

Tratz, E. P. Wildkatzen in Osterreich. Siugetierk. Mitteil., Stuttgart, vol. 1, no. 4, p. 180 
October 1, 1953. 

Trortsky, A. Contribution a l’étude des pinnipédes 4 propos de deux phoques de la Médi- 


terranée ramenés de croisiére par 8. A. 8. le Prince Rainier III de Monaco. Bull. 

Inst. Oceanogr., no. 1032, pp. 46. September 15, 1953 

Turtex, Frantisex J. Pozndmky k vfskytu niektorfch foriem drobnfch savcov na Sloven 
sku. (Some data on the occurrence of some small mammals in Slovakia.) Pfiro- 
davedésk¢ Sbornik Ostravskéno Kraje, vol. 12, no. 4, pp. 495-502. 1951. 

Vita R., Bernarpo. Distribucién en México de los murciélagos vampiros familia Desmo- 
dontidae. Boletin Oficina Sanitaria Panamericana, vol. 35, no. 4, pp. 426-432 
October, 1953. (In Spanish, with English summary 

Vita R., Bernarpo. Nota acerca de la duracion del periodo de gestacion de una venada 
cola blanca (Odocoileus virginianus mexicanus) de Tepecuacuilco, Gro. Anales 
Inst. Biol., Mexico, vol. 24, no. 2, pp. 459-460. 1953 

Viret, J. Observations sur quelques dents de mastodontes de Turquie et de Chine. Ann 
Univ. Lyon, sec. C, vol. 7, pp. 50-66, illus. 1953 

Vir«x1, Nurio. Uber die Vernécherung einiger Schidelsuturen beim Eichhérnchen, Sciurus 
vulgaris L. Arch. Soc. Zool. Bot. Fennicae ‘‘Vanamo,”’ vol. 7, no. 2, pp. 83-93 
May 18, 1953 

WAKEFIELD, N. A. The rediscovery of the rock-wallaby in Victoria. Victorian Naturalist, 
Melbourne, vol. 70, no. 11, pp. 202-206. March, 1954 

Waker, Ernest P. The monkey book. Macmillan Co., New York, pp. 153, illus. February 
16, 1954 

Wa ker, Ernest P. Shrews is shrews. Nature Mag., Washington, vol. 47, no. 3, pp. 125 
128. March, 1954. (Cryptotis and Blarina 

Warren, J. M. Handedness in the rhesus monkey. Science, vol. 118, no. 3073, pp. 622-623, 
illus. November 20, 1953 
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Wassir, Kamat, aND Harry Hoocstraau. The 
Egyptian Acad. Sci., Cairo, vol. 9, pp. 63-79. 1954. 

We tts, L. H., anp W. C. Osman HI. A note on the specific name of the Chacma baboon. 
Ann. & Mag. Nat. Hist., London, ser. 12, vol. 6, no. 72, pp. 955-956. December 
1953. 

Wemyss, CourtNEY T., Jr. A preliminary study of marsupial relationships as indicated 
by the precipitin test. Zoologica, N York Zool. Soc., vol. 38, pt. 4, pp. 173-181, 


I I 
illus. December 31. 1953 


ui, Egypt. Proc. 














WuitEe, Joun A d subgene of chipmunl Univ. Kansas Publ., Mus. Nat. Hist 
Lawrence, vol. 5, no. 32, pp. 543-561, illus. December 1, 1953 

Wut, Joun A. Taxonomy of the chipmunks, Eutamias quadrivittatus and Eutamias 
umbrinus. Univ. Kansas Pul Nat. Hist., Lawrence, vol. 5, no. 33, pp 
563-582, illus. December 1, 1953. (New: F brinus sedulus, I fremonti, E. u 


montanu 

Waite, Joun A. Geographic distribution and taxonor f the chipmunks of Wyoming 
Univ. Kansas Publ., Mus. Nat. Hist., Lawrence, vol. 5, no. 34, pp. 583-610. illus 
December 1, 1953 





Waite, Joun A. The baculum in the chipmunl f western North America. Univ. Kansas 
Publ., Mus Hist., Lawrence, 1 5, no. 35, pp. 611-631, illus. December 1, 
1953 

Waitetey, H. J., anp F. N. Guapratty. Hair replacement in the domestic rabbit. Jour 
Anat.. Cambridge, Englar ‘ 88, pt. 1, pp. 13 18. January. 1954 

Wrepom, Wiuu1am §S. A new experiment nin for psychiatric research: the opossum, 
Didelvh virginiana. Sciences . 110 3090. pp. 360-361. March 19. 1954 
Catatonic response 


Wistock1, GEorGcE B , anp CHARLES M. Wa Further observations on the histological 
changes associated with the shedding of the antlers of the white-tailed deer 
(Odocoileus virginiar boreal AY Record, Philadelphia, vol. 117, no 
PI 353-376. November. 195: 

Wo.cott, GeorcE N. The food of the mongoose (Herpest war ropunctatus Hodg 
son) in St. Croix and Puerto Rico. Jour. Agric. Univ. Puerto Rico, vol. 37, no. 3, 
pp. 241-247, illus. 1953 

Woop, ALBERT E., AND Joun B.S. Onmssee. Notes on mammals from the Upper Cretaceous 
Lance formation of Wyoming. Jour. Paleontol., vol. 28. no. 1. pp. 26-31. illus 


2 
o, 


January, 1954 

Wraaa, L. E. Notes on the life history of the muskrat in southern Ontario. Canadian Field 
Nat., vol. 67 

Wraaa, L. E. The effect of DDT and oil on muskrats. Canadian Field-Nat., vol. 68, no. 1, 
pp. 11-13. January-March, 1954 

YOUNG, KENNETH § AND J. V. Irons. La rabia en los animales silvestres del Estado de 
Texas, E. U. A. Boletin Oficina Sanitaria Panamericana, vol. 35, no. 4, pp. 410 
417. October, 1953 





no. 4, pp. 174-177. October-December, 1953 


ZwICKEL, FRED, GARDINER JONES, AND Homer BRENT. Movement of Columbian black- 
tailed deer in the Willapa Hills are Washington. Murrelet, Seattle, vol. 34, 
no 3 PI 41-46 December 195 
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COMMENTS AND NEWS 


INCREASED HONORARIA FOR YOUNG MAMMALOGISTS 


The American Society of Mammalogists has altered its plan of awarding Honoraria 
The amount of each Honorarium has been increased to one hundred dollars ($100.00) and 
the number available has been reduced to two. These awards may be made for papers 
submitted to the Committee on Honoraria by young mammalogists who have not yet ol 
The purpose of the awards is to encourage young mammalogists 


tained a Ph.D. degree 
Such awards must be used for the purpose of attending and 


and to stimulate research 
presenting a paper at the annual meeting. The annual meeting for 1955 will be held at the 
University of Southern California at Los Angeles, June 12-16 

Papers submitted for such awards for 1955 must be in the hands of the Committee b 
April 1, 1955. All such papers submitted will be reviewed by the committee after that daté 


Successful applicants will be notified in ample time to make plans for attending the annua 


meeting 
W. Robert Eadie, Fernow Hall 


Send manuscripts to the chairman of the committe: 


Cornell University, Ithaca, New York 


SYMPOSIUM SEPARATE AVAILABLI 


Readers of this Journal may be interested to learn that a paper-bound separate c 


taining ten papers that appeared in the “Symposium on Cycles in Animal Populations 
published in the Journal of Wildlife Management, Vol. 18, No. 1, 1954, has been made 
available. This may be obtained for $1.00 from Dr. D. L. Leedy, Fish and Wildlife Service 


Washington 25, D. C 
DATE OF ISSUE OF PREVIOUS NUMBER 
Journal of Mammalogy, Vol. 35, No. 3 was mailed August 20, 1954 


DEATHS 


Deaths of members of The American Society of Mammalogists have been rey 


follows: Richard C. Daetsch; Charles T. Ramsden, Charter Member; and Harry H. 
Wehrhane, Life Memb: 








Not 


tog 
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THIRTY-FOURTH ANNUAL MEETING 


THIRTY-FOURTH ANNUAL MEETING OF THE AMERICAN SOCIETY 
OF MAMMA LOGISTS 


The tl} fourt npu mee ng < A ¢ Soci of M T logists us held 
the YMCA Conference ( } es P Colorado. June 1 17. 1954. Sessions were 
held in the Assemblv Hall 
The loc ommiutte on if eT S Rict a { Reidle (} } 
Paul H. Baldwin, David H. Canfield, ¥ B. Robinson, Hugo G. Rodeck, Albert ( 
Rog 
( PA 
Q + (i " 


é I 7 lian heritage } ) T) A gS 1 - nd 
Vi fe ser Wh l { 
M Is « i Colorado cottonw I ( B lemar 
(7 , 1 «ar Wf ‘ FE ( 
( ( logy « spe ( R B. |} Ir 
W ashinat D. « 
Notes on Colorado Pher y nd 1 VW 7 ( Pruitt Ty { ‘ A ned cal 
Laborat Fairt | Ale 
6. Comments on the zoogeography of the montane mammals of Colorado. Sydne Anderson 
James S. Findley, Universit Lawrence 
Notes on the pik Ochotor or e1 fens tah. M. Ravmond Le niversity of 
an 9 ] Cust 
8. Reproductior the wolv ne (G | L. Wrigl Mont S ty, 
Missoulc nd Robe Rausch, U. S. Put H th Ser { { laske 
ZU I 1 


9. Mammalogy and the Arctic Aeromedical Laborato William O. Pruitt, Jr., Arctic 
4eromedical Laboratory, Fairbanks, Alaska 

10. Seasonal changes in the blood picture of active and hibernating ground squirrels 
Arthur Svihla, University of Washington, Seattle 

ll. The electrocardiogram of the raccoon. Charles G. Wilber, Chemical Corps Medical 
Laboratory, Army Medical Cente Maryland. By title only 

12. Some effects of testosterone proprionate-estradio] benzoate combination on reproduc- 
tive tissues of senescent male hamsters, Mesocricetus auratus. Gilbert L. Lescanec 
and A. L. Soderwall, University of Oregon, Eugene. By title only 

13. Effects of radiation on a natural population of the deer mouse (Peromy mar ilatus) 
W. Frank Blair, University of Texas, Aust 
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99 


26 


3l 


. The microscopic anatomy of special skin glands in the caribou (Rangifer tarandus). 


W. B. Quay, University of Michigan, Ann Arbor. 


. The cervid pelvic girdle in relation to age, sex, and endocrine activity. Richard D. 


Taber, University of California, Berkeley. 
Comparative morphological observations on the female reproductive tract of some of 
the lagomorphs. Kenneth L. Duke, Duke University, Durham, North Carolina. 
Final report on studies on the douroucouli monkey language. Ernest P. Walker, Na- 
tional Zoological Park, Washington, D. C 


6:00 P.m. 
Chuck-wagon barbecue followed by informal get-together 
TueEspay, JuNE 15 
8:30 a.m. 
Possible occurrence of extrasensory perception among lions. Wynant D. Hubbard, 
Miami, Florida. Read by Keith R. Kelson 
Rabies infection in insectivorous bats. Colin C. Sanborn, Chicago Natural History 
Museum, Chicago 
Some aspects of reproduction in the harp seal, Phoca groenlandica. H. D. Fisher, St 
Andrews, New Brunswick 
The development of baits for Rattus norvegicus, with special reference to 
ceptability. Harlan R. Shuyler, Kansas City, Missouri 
Analysis of small mammal remains in barn owl pellets. Edward B. Reed, Colorado 
and M. College, Fort Collins 


initial ac 


4 
1 


10:20 a.m 
Annual Group Photograpl 
10:30 a.m. 
Annual Business Meeting, Election of Officers 
2:00 P.M 


The taxonomic value of the hair of Chiroptera. Frances A. Benedict, University of 
California at Los Ange les 

Habitat and systematics of Nelsonia. Emmet 7 
Arbor 


Subspeciation in the meadow mouse 
t 


Hooper, University of Michigan, Ann 


, Microtus pennsylvanicus, in Wyoming, Colorado, 
and adjacent areas. Sydney Anderson, University of Kansas, Lawrence. This 
paper was awarded an Honorarium 

Distribution and status of the wolverine in Montana. Fletcher E. Newby, Montana 
Fish and Game Department, Kalispell, Montana, and Philip L. Wright, Montana 
State University, Missoula 

Taxonomy of martens. E. Raymond Hall, University of Kansas, Lawrence 

Mammals of the Sierra de la Madera, Coahuila, Mexico. Rollin H. Baker, University of 
Kansa 9 Lawre nce 

A hybrid shrew population. Robert L. Rudd, University of California, Davis 

Molt in the short-tailed shrew, Blarina brevicauda. James 8. Findley and J. Knox Jones, 
University of Kansas, Lawrence 

The occurrence of Bison bison in Florida. H. B. Sherman, University of Florida, Gaines 
ville 


3:30 P.M 


Wives and visiting ladies were invited to visit Moraine Museum in Rocky Mountain 
National Park for an interpretive program by the Park Naturalist 
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or 
~~ 


6:30 P.M. 
Annual Dinner, Main Dining Room 
WEDNESDAY, JUNE 16 
8:30 a.m 

Pelage variation and molts in the red squirrel, Tamiasciurus hudsonicus loquaz. James 
N. Layne, Cornell University, Ithaca, New York. This paper was awarded an 
Honorarium 

Variation in antelope ground squirrels (Citellus leucurus). Richard M. Hansen, Uni- 
versity of Utah, Salt Lake City 

Distribution records of the genus Phenacomys in eastern North America. Randolph L. 
Peterson, Royal Ontario Museum of Zoology and Paleontology, Toronto, Ontario 

An analog computor for population studies. Oliver P. Pearson, University of California, 
Berkel y. 

On using elementary statistics pertaining to vertebrate populations. George H. Kelker, 
Utah State Agricultural College, Logan 

Some aspects of hibernation in the Arctic ground squirrel, Spermophilus undulatus. 
William V. Mayer, University of Southern California, Los Angeles. 

Natural history of the bannertail kangaroo rat, Dipedomys spectabilis baileyi Goldman, 
in north-central New Mexico. Robert Ho!denried, % St. Michael’ College, Santa 
Fe. Neu M ezicc 

Daily variation in activity of Peromyscus leucopus. Dana P. Snyder, Carnegie Museum, 





Pittsburgh Pennsylvar 
10:30 a.m 
Final Business Meeting 
2:00 P.M 


Common names for American mammals. Donald F. Hoffmeister, University of Illinois, 
Urbana 

Studies on potential rodent reservoirs of hemorrhagic fever in Korea. William H. 
Lawrence, University of Michigan, Ann Arbor, and Robert Traub, Walter Reed 


Army Medical Center, Washington, D. ¢ 


The ecological importance of skin insensible water loss in Peron ; maniculatus 
sonoriensis. Robert M. Chew. Unit f f Southern California, Los Angeles. 


Some factors affecting fluctuations of Microt and Peromyscus. E. W. Jameson, Jr., 
University of California, Dat 
Ecology of Merriam’s shrew. Murray L. Johnson, Tacoma, Washingtor 
Habitat relations of Peromyscus maniculatus oreas and P. m. austerus in Puget Sound 
region. Burton T. Ostenson, Pacific Lutheran College, P land, Washington 
’ Crat istanops. Robert J. Russell, University of 


Notes on the breeding habits of Cratog / 1stano] 
Kansas, Lawrencé 





THURSDAY, JUNE 17 
8:45 a.m 


Trail Ridge and Horseshoe Park Field Trips 


DIRECTORS’ MEETING 


The meeting of the Board of Directors was called to order by President William H. Burt. 
£ - 


teports of the Treasurer, Auditing Committee, Trustees, and Editorial Committee were 


read and accepted. In the Corresponding Secretary’s report it was noted that of the large 
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? 


number of members who became delinquent in dues during the year, almost two-thirds were 
finally reinstated. In view of this fact, the Treasurer and Corresponding Secretary were 
authorized to continue their present practice of using their discretion in the handling of 
these members 

The following budget was authorized for 1954 


Expenses of Treasure $450.00 
Expenses of Corresponding Secretary 450 .00 
Expenses of Journal of Mammalogy 9700 .00 
Honoraria for Young Mammalogists 200 .00 
Expenses of Membership Committes 55.00 
Contingent Fund 950 .00 
Zoologic il Record 100.00 
Index Committees 5.00 

Total $11,210.00 


Resignations of H. E. Anthony and W. K. Gregory as Trustees were presented 





accepted with regret. Steven 8. Gregory was elected as Trustee for the three year term 
William P. Harris, Jr., for the two year term, and Colin C. Sanborn for the one year term 
W. Robert Eadie was reappointed Editor. The Corresponding Secretary was authorized to 


take the necess steps to reduce the large stocks of certain back issues of the Journal of 





Mammalogy. The four honoraria of $50 each for graduate students were revised to read two 


honoraria of $100 each for young mammalogists who have not obtained the Ph.D. degre« 


ANNUAL BUSINESS MEETING 
The first session of the annual business meeting was called to order with 90 members 
present. Reports of the Corresponding Secretary, Treasurer, and Auditing Committee wer: 
The following officers were elected: William H. Burt, President; Willian 
B. Davis, Robert T. Orr, Vice-Presidents; Randolph L. Peterson, Recording Secretary 


Caroline A. Heppenstall 


read and acc ept d 


Treasurer; George C. Rinker, Corresponding Secretary. Directors 
elected to the 1954-1956 term were: Keith R. Kelson, Donald F. Hoffmeister, Stephen D 
Durrant, Antoon De Vos, Hobart Van Deusen. Oliver P. Pearson and Robert H. Colemaz 
were elected to fill the unexpired terms of William B. Davis and Colin C. Sanborn 

The report and recommendations of the Board of Directors were read and accepted 
Affirmative action was taken on the recommendation of W. P. Taylor and W. K. Gregory 
for Honorary Memberships. The report of the Trustees was read and accepted with 
special vote of thanks to Dr. H. E. Anthony and Miss Ida Grobe f 


behalf 


It was with regret that the Society learned of the deaths of four members, one a life 


yr their efforts in our 


member ({), another a charter member (*): Richard C. Daetsch, *Charles T. Ramsde1 
George H. H. Tate, and fHenry H. Wehrhane 

For the first time in a number of years the Society ended its calendar year with a net 
loss in its mailing list. Membership increased by only 1.1 per cent (16) and totaled 1423 
There w 


and 53 members dropped for delinquency for three years in payment of dues. There were 


116 nominees presented for membership, 42 resignations, 4 deaths reported, 


55 new subscriptions, but this was more than offset by 58 cancellations. Again the most 
encouraging gains have been made in the number of persons beginning life memberships o1 
the installment plan. It is now clear that the installment method of obtaining life membe1 
ship h is Deen well conceived. 

The Corresponding Secretary presented this summary of memberships and subscriptions 


for 1952 and 1953 


MEMBERSHI 1952 1953 
Change 8 since preceding annual report 
Nominees 138 116 
tesignations...... 13 42 





\ 
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Editorial Committee (W Eadie 
logists (W. Robert Eadie 


ng the report of the Committee on Conservation of 


lature (Colin ¢ ; Membership (Albe 
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Kelson); 


tobert 





1e dal f reports that 1 its 


scussion of the lack of proof of the 
ions in the United States. It was suggested and agreed tl 


1de in the report to Dring this into proper perspectivs 


teports of representatives to the International Union for the Protect 
Ii. R. Hall) and to the National Research Council (read by Keith R. Kel 
sented 

Four resolutions weré presented by the Resolutions Committe nd passe 
the construction of the proposed Echo Park Dam in Dinosaur National Me 
creat definite legal precedent prejudicial to the continued surviv: 





and Monuments, and 
there appear to be valid considerations indicating that the Echo P: 
solution of the requirements of the Colorado River compact 
Be it resolved that The American Society of Mamm 1logists its 34th annus 
Park 16 June, 1954 


United States of a qualified non-Federal board for the impartial investigatic 


in Estes Colorado urges the appointment by the 


sitv for thi 


invasion of this National Monument 









Deaths reported q 5 
Members dropped delinque nt 57 53 
Tota 79 122 100 116 
Net chang 59 16 
Status as of December 31, 195 
Honorary members 7 7 
Life members 63 65 
Annual members 1337 1351 
To 1eml shit 1407 142 
Changes since precs , repo 
pl g ] I 
Sul seri ) ri celle 5 58 
Net chang 16 3 
I 1 su I I 147 $44 
11 
Tot r nbership 407 1423 
Men rece ng Jour! 14 16 
Tot Y her y ‘ no] l 1258 1 
Tot 1 subs I 14 444 
Total mailing 1705 1701 
\¢ cl nge T 2 
r 5 | 
. ‘ 
t . r ou the ( rres ng sec ti tne ree umbe ot deliquent 
embe I tne failure ort m I t g1' if mpt ne eo changes of ddress place 
hollv unnecess burde oI f neces of the Societ und the time of its officers. De 
quen I n ( lue lor yst the Society more than $60.00 in press charges 
f = t 
The final session of the business meeting was convened June 16, with 72 members present 
The reports of the following committ ere read and accepted: Conservation of Land 
Mar Ralph S. I Bibliograpl ¢ by Keith R. Kelson); Marine Mammals 
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(II) Whereas The American Society of Mammalogists has long recognised the need for 
having large areas of land remain undisturbed to be used primarily for biological research, 
And whereas The American Society of Mammalogists recognizes the psychological and 
philosophical needs for wilderness areas in America today, 

Then therefore be it resolved that The American Society of Mammalogists commends the 
Wilderness Society, the Izaak Walton League, the Sierra Club, and the National Park 
Service, for their efforts to establish an Arctic International Wilderness Area in north- 
eastern Alaska, 

And be it further resolved that The American Society of Mammalogists urges the proper 
authorities to take immediate steps to establish such an Arctic Wilderness Area in north 
eastern Alaska for the main purpose of long-term and undisturbed scientific study of its 
natural history 

(III) Whereas the United States National Park Service, through its representative, has 
informed the American Society of Mammalogists, at its 34th annual meeting, in Estes Park, 
Colorado, 14 June, 1954, of the many research programs being conducted on land under 
Park supervision; 

And whereas such research on life histories and ecology of mammals is useful in both the 
interpretive program and the administration of such lands; 

Be it resolved that The American Society of Mammalogists commends the United States 
National Park Service for the wide range of research projects now approved and hopes that 
the Park Service will institute and carry on other projects of value to their progress and 
to the public at large 

(IV) Resolved: That The American Society of Mammalogists in session at its 34th annual 
meeting in Estes Park, Colorado, 16 June, 1954, tenders its sincere thanks and appreciatior 
to the National Park Service and especially to David H. Canfield; to the Estes Park Con 
ference Y.M.C.A 
hospitality and effective efforts contributing to the success of the 34th annual meeting, and 


.; to the local committee, and especially to R. G. Beidleman, for their 


for the enjoyment of all members and their families and friends in attendance at this 
meeting. 





HAVAHART HUMANE ANIMAL TRAPS 





The Allcock Manufacturing Company has a large variety of humane animal 
traps. They have many sizes of live traps for those who are interested in catching 
the animals unharmed. The HAVAHART TRAPPING BOOKLET will be sent 
free of charge to anyone who requests it from the Allcock Manufacturing Com- 
pany, Ossining, New York. HAVAHART traps have been used successfully by 


many who have been doing live-trapping experiments on small mammals. Write 


for the free booklet today. 
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Carollia perspicillat izteca, 
hab., 101 
) 


Carrying young by Peromyscus, 25 


Mexico, wt 


Cary, Grant Reynolds 


(See Bartholomew, George A., Jr. and 
Cary) 

castanops, Cratogeomys, 121 

Castor canadensis, Nev., distr., 578; N. Y 
anat., 197; N. Y., wt., anat., 452; Vt 
wt., 452 

Cat ring tailed, 577, 578 

Cebus apella, Colombia, syn., hab., tax 


415 
capucinus, Colombia, syn., tax 
Mexico, 114 


canadensis nelsoni Nev 


Centurio senex, 
Cervus 
578 
Chamberlain, J. I 
The Block Isl: 
tus prove t 
Cheek pouches 
Cricetidae 
Geomyidae 
Heteromyid 
Muridae, 42: 


> 
Peromyscus 


in the Gulf of California, 596 
Che pi logenetic signif ce o rodent 
chee pouche $25 

Chickaree, 8 

Chile, 126 

Chilonycteridae, an 147 

Chilonycteris personata Me xico, I 04 
rubiginosa, Mexic dist 584 
rubignosa mexicana, Mexico, hab., 67 

Chipn unk 105, 357, 58 
grey eastern, 429 

Chiroptera (as 100d OU 


Choeronycteris mexican 


disti ha 436; Mexico, hab 68 
nat ph S $37 
chrysopsis Reithrodontom 74 
cinereoargenteus, Urocyon, 71, 406 
cinereus, Artibeus, 114 
Lasiurus, 116, 253, 429, 430, 431 
Sorex, 35, 109 
Citellus (as food), 59 
adocetus, N. A., anat., 357 
armatus, N. A., anat., 357 
beecheyi, phys 40 
beldingi crebrus, Idaho, distr., 587 
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columbianus, N. A., anat., 357 
franklini, N. A., anat., 357 p 
lateralis, N. A., anat., 357 
leucurus, N. A., anat., 357 
mexicanus, N. 357 con 


parryll parryll 


richardsoni N 


tereticaudus, N. A 





, ao7 

, anat., 357 

hab 545: Mich 
105 Cor 


N 


tridecemlineatus, 
hab 

tridecemlineatus 
A., anat., 357 


Alaska, 


tridecemlineatus, 





, 586 Cor 
, 357 i 


Mexico, wt 


hab 
A., anat 
variegatus, 
dist hab., 71 
Clethrior 


hab 103 


undulatus 
variegatus, N 


variegatus 


lomys gapperi gapperi, N. Y., OC 
distr., 579 


brittanicus, England, w 


id 





wsoni, Alaska, phys., wt., 376 
; Coc 
70 
a OF Cor 
eror » e 74 Lo! 
ociurus, (2 | 
ere ov 
Cox I | Le ell 
N« geog ph variation il crani 
f ent of wild-taken Pero 
mvsc leu ypu noveboracensis, 367 | Col 





Buff B bison) killed by fire, 45 cou 
C ethod Cor 
> (el r 150 
Colora 110, 111, 118, 269, 418, 442, 447 
15 & 
Color phase, Neotoma, 239 Co 
Color variati co 
Cond 187 Cr 
VMyoti ] 
Paras lop 186 
we I s 18 
sScapanus, 1Y 
Ursus, 345 
Coloration, Nasua, 52 
Colombi 415 
columbianus, Citellus, 357 


Clinton H 


Conaw 











Nov., 1954 INDEX 629 


The reproductive cycle of rice rats Canis 





Oryzomys palustris palustris ir Castor 


captivit vy. 263 Dipo lomyvs, 570 








concolor, Felis, 71, 126, 255 Felis, 126 
Condylura, anat., pelage, 186 Lutra, 12 
Conepatus me icus mesoleucus, Mexico, Microtus, 587 
hab., 71 Mirounga, 129 
Connecticut, 458, 459 Mustela, 496 


Connell Josep H Odobenus, 203 








Home range and mobilit of brush rat Onychomys, 118 
bi 5S in ( lif rni cl ips I 392 re I S¢ Ss 75 867 561 
Cook, Arthur H Sigmodon, 260 
Some measurements fron three d Sor 3 
one-half year old beaver (Castor cana Ursus, 438 
densis), 452 crassus, Meriones, 243 
Cook, Edwin I Cratogeomys (as food 111 
A technique for preventing post-t castanops subsimus, Mexico, hab., 121 
tem ectoparasite contaminatior iE err mi merriami Mexico, wt., distr., 
Cook, S. I nd J. P. I ol 72 
Metabolic differences retween three ( wfor Not re 110 
rai f Peromyst niculat 55 ( I Jorge A 
Cooley, R Presence of the reddish howling monkey 
Second record f the hoa ir Alouatta guariba clamitans Cabrera) 
Florid 1 Argent 17 
Corpora lute Or ) s. 2 r nat x 495 
( norhir " O} ( yp 105. 258 
430 | La., 40; Tenn., hab., 177 
rafinesg Calif., hal 6 ’ par Colo list 110; Md 
| ntal } 952 
Audut 4f [ Sylvilagus, 78 
Florida, 46 Cu pac elsoni, Mexico, 102 
Mexi 78 ( mys, Colo., foss., distr., 581 
( ch, Leo K ( ) i8 100 11] 
See Johnson. Mur: ( a ae yi 
uesi, Oryzomys, 7¢€ idovicianus, N. A., anat., 357 
Cougar. 262 Cystopho! tata. Labrador. hab.. 105 
Cover fo N. ¢ list 258 
( ptotis,. 179 
. 
Pero cus, 179 Dalquest, W er W. and Henry J. Werner 
Reithrodontomys, 179 Histological aspects of the faces of 
Sigmodon, 179 North American bats, 147 
Coyote, 25t D ize b Nasua, 48 
ter, 578 D | ove mexicanus, Mexico, 
{ rs T nat 
Castor, 197 isvuruU Gerl 
Dasypus, 78 Davis, W. B Russell 
Gerbillus, 24 Mammals Mexican State of 
Glossophaga, 68 Morelos, 63 
Mustela. 496 davvi, Pteronotus, 67, 100 
Orvzomys, 76 Dearden, Lyle C 
Perognathus, 95 Extra premolars in the river otter, 125 
Sigmodon, 76 Deer 


Tamiasciruus, 90 blacktail, 486 


Cranial measurements European roe, 486 
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Choe ymnveteris. 43 
Gerbillus, 243 
Glossop! 67 
Lepto 68 
Tt 

Lu 





Oryzomys, 7 

Ovibos, 45 
Phyllostomidae, 159 
Procyo 12¢ 
Reithrodontomys, 74 
Sorex. 35 


sSynaptomys 249 
Tadarida, 70 
Tami isciurus, d/ 
Vespertilionidae, 15! 

Denvyes, H 
Habitat 


abdilit or ce 


Arliss 


restriction and the digging 





rtain pocket mice, 453 
deppei, Sciurus, 101, 357 

derbianus Cal lromys LO 
desmerestianus, Heteromys, 101 
Desmodontidae, anat., 147 

Mexico, distr., 584 
Mexico, distr 6Y 


Desmodus rotundus 
rotundus murinus, 
wt., hab., 101, 114 

Development, Sorex, 109 

de Vos, Antoon 

teview of) Eadie, W tobert, Animal 
field, 604 


Review of) Sierts-Roth, [ Geburts 


control ir farm and forest 


und Aufzuchtgewichte von Rossenun 
den, 272 

Ralph W 
Distribution of the 


Dexter, 


meadow jumping 


Zapus hudsonius in Ohio, 233 


mouse 
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Notes on nests of the meadow jumping 
mouse, Zapus hudsonius, 12! 
zi, Romerolagus, 78 


Dice, Lee R 


Breeding of 


diazi, 


Peromyscus floridanus in 
captivity, 260 

Arecti hab 2 105 

Alaska, phys 

Didelphis marsupialis, Kan 
39; Mexico, distr 
marsupialis californica, Mexico, hab 
marsupl! lis virginiana, Pa 
virginiana, Ont., hab., 105 
virginiana, N 


Peromy SCUS, 75 


virginiana 
difficilis 


Digging by Perognathus, 45: 
wile . lo+ 


Diphy] vudata, Mexico, distr., 584 


ntralis, Mexico, 114 





r 

heern 1. Calif 42 

heermanni tularensis. Cal hat 515 
merrial \ syn 570 

me brevinasus, syn., 57 
merriami exilis, syn., 570 

m¢ mi nitratoides, syn., 570 

I ami nitratus, syn., 570 
nitratoides brevinasus, Calif Ln 
hal tax., 570 

nitratoides ‘ ilis Calif an h t 
tax 570 

itratoides nitratoides, Calif., anat 
hab.. ta» 570 

dispar Sorex. 583 
Distributior 

Alouatt 117 

Antrozous, 111 

Apheliscus, 58] 

Artibeus, 68, 584 

Balantiopteryx, 66 


Bassariscus, 442 
Blarina, 110 
Callorhinus, 258, 444 


anis, 256 


shilonycteris, 67, 584 


] 


Citellus 
Corynorhinus, 430 
Cratogeomys 
Cryptotis, 110 
Cynodontomys, 581 
Cystophora 258 


Desmodus, 69, 584 








100; Tex hab., 406 
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Didelphis, 66 
Diphylla, 584 
Eschrichtius, 444 
Euderma, 117 
Eutamias, 105 


Drinking, Myotis, 539 
Dumas, Philip C.: 

(See Freiburg, Richard E. and Dumas) 
Durrant, Stephen D.: 





Review of) Simpson, George Gaylord, 
The major features of evolution, 600 

Durrant, Stephen D. and Richard M. 
Hansen: 


Glaucomys, 429 
Glossophaga, 584 
Grampus, 123 
Gulo, 254, 594 Taxonomy of the chickarees (Tami- 
Hyopsodus, 581 asciurus) of Utah, 87 
Lasiurus, 116, 429, 430, 431 
Leptonycteris, 68 

Lutra, 443 

Lynx, 429 

Macrotus, 67 

Microtus, 259 


Mustela, 418, 430. 443. 593. 594 


Eadie, W. Robert 
Animal control in field, farm and forest 
(Reviewed), 604 
Review of) Bourliére, Francois, The 
natural history of mammals, 603 
Review of) Robertson, R. B., Of whales 





Nasua, 48 and men, 604 
Na 584 Skin gland activity and pelage descrip 
Neotoma, 77 tions in moles, 186 


Neotomodon. 76 
Notiosorex. 110 


Nyctitherium, 581 


teview of) Walker, Ernest P., The 
monkey book, 603 

ecaudata, Diphylla, 114, 584 

Odocoileus, 269 Eecke, Dean H 

Oryzomys, 258 An invasion of Norway rats in southwest 


Peradectes, 581 Georgia, 521 


Peratherium, 58] Economic importance, Bassariscus, 57 
Perognathus, 95 Ectoparasites, Pizonyx, 86 

Phenacolemur, 581 Kira barbara senex, Mexico, hab., par., 102 
Phenacomys, 260 Elk, 578 

Phoca, 258 Ellerman, J. R. and T. C. 8. Morrison 
Pizonyx, 81 Scott 

Pteronotus, 67 Ictonyx kaup, 1835, the correct generic 
Rattus, 521 name, and Ictonyx striatus (Perry), 
Reithrodontomys, 430 1810, the correct specific name for the 
Sciurus, 72 African stinkmuishond, 130 

Sigmodon, 260 Ellerman, J. R., C. S. Morrison-Scott, and 
Sorex, 66, 430 R. W. Hayman 

Tadarida, 435 Southern African mammals (Reviewed), 
Talpa, 583 460 

Tamias, 429 Elsey, C. A.: 

Tetonius, 581 A case of cannibalism in Canada lynx 


Ursus, 345 (Lynx canadensis), 129 
Wasatchia, 581 Elton, C. 8.: 

Zalophus, 596 
Zapus, 233 


Diurnal habits, Mirounga, 211 


Further evidence about the barren- 
ground grizzly bear in northeast Labra 
dor and Quebec, 345 


The swimming of the opossum Didelphis 
marsupialis virginiana, 581 


Dow, Robert L 


Walrus skull (Odobenus) from Bluehill 
Bay, Maine, 444 


I 


Dormancy, Ursus, 28 Emballonuridae, anat., 147 


Doutt, J. Kennetl umbryos: 


Neotomodon, 76 
Pizonyx, 86 
Sigmodon, 76 


Enders, Robert K.: 


(See Llewellyn, Leonard M. and Enders) 
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England, 16] fallax, Perognathus, 386 ' 
Enhydra lutris, hab., phys., 595 fasciata, Phoca, 218 | 
Eptesicus fuseus, Calif., hab., 539 Fay, Francis H.: I 
fuscus fuscus, Minn., hab., 434; N. Y., Quantitative experiments on the food c 
hab., 103 consumption of Parascalops breweri 1 
fuscus miradorensis, Mexico, hab., 69 107 ‘ 
eremicus, Peromyscus, 450 Feces, Sorex, 109 y 
Erickson, Arnold B. and Gerald T. Bue Feeding Foo 
Additional mule deer records for Min Nasua, 53 won 
nesota, 457 Parascalops, 107 ( 
ivrikson, G. I Pizonyx, 85 
Review of) Hill, W. C. Osman, Pri Feeding platform, Peromyscus, 17 For 
mates comparative anatomy and Felis concolor, 255 fort 
taxonomy, 601 concolor araucanus, Chile, wt., anat Fox 
Krignathus barbatus, Japan, hab., wt gen., 126 
phys., 218 concolor azteca, Mexico, hab., 71 | 
erminea, Mustela, 161, 430 Ferret, black-footed, 418, 443, 593 
Errington, Paul L Fetus, Mvotis. 432. 434 Fre 
On the conservation of the lynx in Fighting, Peromyscus, 24 


Scandinavia, 254 Findley, James S 


Reproduction in two species of Myot 


erythrourus, Meriones, 24 





Eschrichtius glaucus Calif hal 596 in Jackson Hole, Wyoming, 434 
Pacific, distr., 444 Tree roosting of the eastern Pipistrell 
kistrous cycle, Vulpes, 504 433 ful 
Kuderma maculata, Calif., Utah, 117 See Russell, Robert J. and Findle fr 
Kumops glaucinus, Mexico, 70 Finley, Robert B hi 
europaea, T Ipa 5R3 Notiosorex crawfordi and Antrozot Fu 
‘ 
Kutamias amoenus luteiventris, Albert pallidus from southeastern Colorad 
distr., 105 110 | . 
‘ Qn” | Tus 
minimus, N. A., anat., 357 Fitch, Henry § 
minimus borealis, Alberta, hab., 105 Seasonal acceptance of bait b sma Ga 
ruficaudus, N. A., anat., 357 mammals, 39 | 
a2 . i 
umbrinus, N. A., anat., 357 flavus, Perognathus, 7: | 
Evolution, Perognathus, 86 Potos. 102 ( 
| 8 
Extension of range Florida, 116, 225, 260 
Bassariscus 577 floridana Neotoma 16 ra 
Castor, 578 floridanus, Peromyscus, 26 Ck 
i 
Cervus, 578 Sylvilagus, 47, 429 
Citellus, 587 Fluctuation Peromvscus, 526 
as us. 57R. 5R4 “or . 
Lasiurus, 57 ) Food | Gi 
Lepus, 578 Alopex 206 
Mirounga, 129 Bassariscus, 57, 40¢ 
Myoecaster, 578 Choeronycteris, 456 ge 
‘tellu 4). 445 1 
Onychomys, 118 Citellus, 40, 44: Gi 
> » idelphis, 39 16 
Perognathus, 453 Didelphi “ G 
7 Knhydra, 595 
Peromyscus, 450 ge 
- aoe Erignathus, 218 . 
Phenacomys, 577 


Pros yon, 578 = > & 
se Myotis, 539 

Nasua, 53 | 
Ochotona, 450 


bs | 
Sorex, 583 107 
orex, o Parascalops, 107 


| 
G 
Mephitis, 40f 
| 
Rattus, 521 | 
Sciurus, 577, 578 
Ursus, 577, 578 


Perognathus, 592 


Zapus, 592 


Peromyscus, 21] 
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Phoca, 


Pizonyx, 85 


218 


Procyon, 406 
16 
Urocyon, 406 
whale, 124 
Zapus, 42 


Sylvilagus, 


Food, use as, seals, 218 

Food storage by 
Citellus, 586 
Mesocricetus, 545 


Foraging, Myotis, 539 


formosus, Perognathus, 386 
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Gestation, Peromyscus, 24 
Glands 

bulbar, Ratufa, 471 

Cowper’s, Funambulus, 471; Ratufa, 471 
Chilonycteridae, 147; Desmo- 
dontidae, 147; Emballonuridae, 147; 
Molossidae, 147; Natalidae, 147; Phyl- 
147; 147; 
perineal, Condylura, 190; Parascalops, 
193 


Funambulus, 


facial, 


lostomidae, Vespertilionidae, 
189; Scalopus, 
tatufa, 471 
147; Desmo- 
Emballonuridae, 147; 
Natalidae, 147; Phyl- 


471; 
Chilonycteridae, 
dontidae, 147; 
Molossidae, 147; 


prostate 


salivary 





Arctic, 105 lostomidae, 147; Vespertilionidae, 147; 
gray, 71, 406 sebaceous, Chilonycteridae, 147; Des 
red, 504 modontidae, 147; Emballonuridae, 147; 
Freiburg, Richard E. and Philip C. Duma Molossidae, 147; Natalidae, 147: Phyl 
The elephant seal (Mirounga angust lostomidae, 147; Vespertilionidae, 147 
rostris) in Oregon, 129 s vesicles Funambulus, 471; 
Fulle W.A 47] 
The first premolar and the canine toot! skin, Condylura, 186; Parascalops, 186; 
in bison, 454 Scaloy 186; Seapanus, 195 
fulva Vulpes 504 loriferous Chilonyecteridae 147; Des 
fulvescens teithrodontomvyvs. 74 modontidae 147; I mballonuridae, 147; 
fumeus, Sorex, 579 Molossidae, 147; Natalidae, 147; Phyl 
Funambulus palmarum p Ind ystomidae, 147; Vespertilionidae, 147 
unat.. tax.. 47] utriculus prostaticus, Funambulus, 471 
fuscus, Eptesicus, 69, 103, 4: 539 glareolus, Clethrionomys, 161 
glaucinus, Eumops, 70 
Gale, Larry R. and Robert A. Pierce Glaucomys sabrinus macrotis, N. A., anat 
| Occurrence of the coyote in Kentuck 357 
256 olans volans, Neb., dist 4129: N. A 
Gallizioli, Steve unat., 357 
(See Wallmo, O. C. and Gallizioli glaucus, Eschrichtius, 444; 596 
gapperl Clethrionomys, 10 579 Gl wssophags soricina, Mexico, distr 584 
Garst, W. I soricina alticola, Mexico, tax., anat., 68; 
Black-footed ferret in South Dakot soricina leachi, Mexico, anat., tax., 67 
594 Mexico, 114 
Genital tract Goehring, Harry H 
Funambulus, 471 Pipistrellus subflavus obscurus, Myotis 
| Ratufa, 471 keenii, and Eptesicus fuscus fuscus 
geoftroyi, Ateles, 101 hibernating in a storm sewer in central 
Geomyidae, anat., tax., 425 Minnesota, 434 
Georgia, 521 Goodpaster, Woodrow W. and Donald F 
gerbillus, Gerbillus, 243 Hoffmeister 
Gerbillus calurus, anat., tax., 243 Life history of the golden mouse, Pero 
campestris, comp., 243 myscus nuttalli, in Kentucky, 16 
dasyurus, comp., 243 Goodwin, George G 
gerbillus, comp., 243 Southern records for Arctic mammals 


243 


quadrimaculatus, comp., 


pyramidum, comp 
243 
Germany, 119 

357 


gerrardi, Sciurus 


and a northern record for Alfaro’s rice 


rat, 258 
Gopher 
Merriam pocket 


9 
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Mexican pocket, 72 
poc ket, 121 

Gordon, David C 
Melanism 


americanus virginianus 


Robert M 
Easter 


Goslin 
n big-eared | 
gossypinus, Peromyscu 
grampus, gI 123 
Grampus griseus, Nort 
Gray, James 

How animals move 


griseus, Grampus, | 


Sciurus, 357, 577, 578 
groenlandica Pho i 105 


Ground squirre 357. 545 


Alaskan. 586 
Arctic, 445 
Belding, 587 
California, 40 
thirteen 
Growtl 


Clethrionom) 





Dicrostony 76 
Microtus, 376 
Mvotis. 432 
Ursus, 2 

grypus, Halichoerus, 5 


guariba, Alouatta, 117 

Gul luscus Calif 
distr., 254 

Harvey l 


The mammals 


Gundersor 
270 
2i 


Habitat 
Alouatta, 117 
Antrozous, 539 
Artibeus, 68 
Baiomys, 7£ 
Bassariscus, 56, 442 
Chilonycteris, 67 
Choeronycteris, 68 
Citellus, 71 
Conepatus, 71 
Corynorhinus, 430, 
Das\ pus 78 
Dipodomys, 515, 570 
Eptesicus, 69, 539 
Felis, 71 
Lasiurus, 116 
Liomys, 73 
Macrotus, 67, 539 
Mephitis, 71 


ok 


in the varying hare, Lepus 


of Minnesota 


) 


122 Nasua, 48 
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Microtus, 77, 259 
Mus, 77, 509 
Mustela, 430 
Myotis, 69, 539 


in Ohio. 430 Neotomodon. 76 





ntic, hab., 12 Peromyscus, 16, 75, 515, 561 
Phenacor s. 450. 577 
ved), 464 Pipistrellus 3, 539 
Procyon, 7 
teithrodonto s, 74 
218, 258 Sigmodo 76, 260 
porex. 6f 130 
Sylvilagus, 78, 392 
Tadarida, 7( 
Urocyon, 71 
Ursus 34 
9 
Halichoerus grypus, Canada, hab., 595 





Hall, E. Raymond and 


Occurrence < the 


James W. Bee 
harbor 


Point Barrow, Alaska, 122 


porpoise 





Ubersicl er die Untergattung Fe 
Reviewed), 27 
distr 594; Wis Hamilton, W J 
teview of) Moore, Clifford B., Ways of 
and James R. Beer 1ammals in fact and fancy, 270 
Reviewed Revie Gunderson, Harvey L. and 
James R. Beer, The mammals of Mir 
nesota. 270 
Hamsters, 425, 545 


Handle Charles O., Jr 
Phenacomys in Minnesota, 26 


Review of) Ellerman, J. R., et 
Souther African mammals, 460 
(Revie Rosevear, D. R., Checklist 
and atlas of Nigerian mamn witl 





vegetation, 269 


i toreword OI 
Hannon, J. | 
See Cook. 8S. | 


Hanser! Richard M 


The Belding ground squirrel 


and Hannon 


the Snake River in Idaho, 587 
See Durrant 


Hare 


snowshoe, 122, 458 


Stephen D. and Hansen 


varying, 122 


} ' 


Uriand i 


Hauger 


north of 
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Os clitoridis, 360 
Ovaries of antlered whitetail doe, 491 
Raccoon box trap, 441 
Rattus distribution, 522 
Reproductive tracts of antlered does of 
Capreolus, 489 
Seals from Hokkaido and young, 220 
Simia apella and Simia capucina, 416 
Skulls of Gerbillus, 244 
Type locality of Pizonyx, 84 
Urogenital tracts and penes of squirrels 
474 
Walrus carcass, 207 
India, 471 
Indiana, 504 
indica, Ratufa, 471 
insignis, Napaeozapus, 10 
Intelligence, Tursiops, 225 
Intergradatio1 
Liomys, 73 
Ochotona, 450 
Peromyscus, 5 


l P| 


Tamiasciurus, 90 


intern edius Phenac omys, 260 450 577 
irroratus, Liomys, 7 
Jacksor Hartl H. J 


Wolverine (G 
Wisconsin, 254 
amaicensis, Artibeus, 69, 101, 114, 584 
Jameson, I W oF 
Insects in the diet of D rcket mice, Perog 
nathus parvus 492 
Japan, 124, 128, 2 
David H 


(See Mille Gerrit Smitl Jr. and 


218 


Johnsor 


Johnson 
Murray L. and Leo K. Coucl 


Determination of the 


Johnson 
, 
abundance ol 
cougar, 255 
Ned K 
New mamma 


Jones, J. Knox, J 


Johnso1 
records for Nevada, 577 
and Richard B. Loomis 
Records of the short-tailed shrew an 


least shrew from Colorado, 110 


Kansas, 39, 42, 45, 46, 47, 249, 367 

keenii, Myotis, 434 

Kentucky, 16, 256 

Kilham, Lawrence 
Cow-pasture nests of Cryptotis parv 
parva 252 
Terr 


Kinkajou, 102 





itorial behavior of red squirrel, 25 


MAMMALOG\Y Vol. 35, Ni 


Kirkpatrick, Charles M 
(See Hoffman 
patrick 

Krog, John 


Roger A. and Kirk 


Storing of food items in the winter nest 
of the Alaskan ground squirrel, Citellus 
undulatus, 586 
Philip H 
Notes on the habits of the bat, Mvotis 
californicus, 539 

Kune, Merle L. and Richard E 
Notes on mammals from 
Chiapas Mexico, 100 


Krutzscl 





Tashian 
northerr 


Labrador. 105 


lagopus, Alopex, 105 


landesi, Synaptomys, 249 
Lasiurus 8 100d 61 
borealis, Nev., distr., 578 


borealis borealis, Ark., syn., 584 
cinereus, Ar distr., 430; Calif., distr 
hal 131; Fla., 116; Md., dis., 253 
Mint hal 116; Neb., distr., 429 
seminolus, Ark., distr., 584 

lateralis, Citellus, 357 

latrans, Canis, 256 

Lawrence, Barbara and William E. Schevill 


Tursiops S sntal subject 





The os clitoridis of some North Ameri 


James, How animals 
move, 464 


Layne, James N. and Allen H. Bentor 


Some speeds of small mammals, 10: 
Lechleitner, R. R 
Age criteri mink, Mustela vison, 49¢ 
Least weasel in Glacier Nationa Park 
04 
Lee, Josh \ 
Range of Peromyscus eremicus eremicus 
in Ne 15 
lemmings, 10 
collared, 376 


Lemmus, Arcti hab 105 
Lensink, Calvin J 


Deformed jaw in an Alaskan brown bear 


Occurrence of Microtus xanthognathus 
in Alask 256 


Leonard, Robert G 


See Sealander, John A. and Leonard 








Leopold 4. Starke 


Dichotomous forking 
white-tailed deer. 599 
Leopold, A. Sta nd } 
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Live trapping 
Blarina, 4 
Citellus, 40 
Cryptotis, 40 
Didelphis, 39 
Dipodomys, 42, 515 
Microtus, 45 
Neotoma, 46 
Ochotona, 450 
Peromyscus, 42, 515 


Procyon, 440, 578 


IN 


Ender 
Ovul ir I raccoo 141) 
lrans-ut migration in the raccoo 
1°20 
Loco 
Bassar s, 57 
é ) t} 226 
f } Perognathus, 38¢ 
Le s, Richard B 
Rae Jan I Kne Ir. and Loomis 


1) 
lucifu Mvot 1] 429 424 
| Y ( no 57 

| ( I 105 
cus, | 54. 594 


} ‘A 
| } AOS 
| C} le | 
\ od consumption and hoard 
y s. 545 
( ’ 1 
. 7 
’ engi a) hat 129 
} r con 54 
7 ( . « ‘ 158 
. Net ut dist 190 
Macke B.A 
Gree ilgal wt n grav seals. 595 
erotis. Corvnorhinus. 430 
Peroptervx. 100 
Macrotus ecalifornict Calif., hat 39 
mexicanus mexicanus. Mexico. hal 67 


croul Mephitis 71 


maculata, Euderma, 117 


maniculatus, Peromyscus, 42, 74, 103, 118, 
448 449. 515, 553 

Manville, Richard H 
Malocclusion in the rat, 427 

Manzer, J. I 


Observations on the gray whale, 444 








638 JOURNAL OF MAMMALOG\ Vol. 35, No. 4 


Map Blarina, 110 

















Baja California distribution of Pizonyx, Callorhinus, 444 
S2 Castor, 197, 452 
Distribution of coatis in Arizona, 49 Centurio, 114 
Distribution of Dipodomys, 571 Cratogeomys, 122 
Distribution of Peromyscus nuttalli, 18 Cryptotis, 110 
Distribution of Tamiasciurus in Utah, Desmodus, 114 
SO Diphylla, 114 
Distribution of Zapus hudsonius in Dipodomys, 570 | 
Ohio, 237 Eptesicus, 69 
Fur posts on Quebec peninsula, 347 Felis, 71, 126 
Ranges of oldfield mice, 563 Gerbillus, 2 
Walrus of St. Lawrence Island, 205 Glossophaga, 114 
Marking Lasiurus, 116 
Procyon, 440 Lepus L: | 
Sylvilagus, 392 Liomys, 7: 
Marmots, 357 Lutra, 44 
Marmota monax rufescens, N. A., anat Microtus, 587 
357 Mus, 50! 
marsupialis, Didelphis, 39, 66, 100, 406, 581 Muste 130, 496 
Martin, Marian and Paul § Mvoti 111. 432. 434 
Notes on the capture of tropic il bats at Nasu 52 
Cuevo el Pachon, Tamaulipas, Mexico Notiosorex, 110 
584 Onvchomys, 118 
Martin, Paul § Oryzomys, 76, 263 
See Martin, Marian and Paul S Perognathus, 97 
Maryland, 252, 253, 439, 440 Peromyscus, 25, 561 
Massach tts, 107, 125 Phenacomys, 450 
Maternal behavior, Peromyscus, 25 Phocoena, 122 
Matson, J. R Pizonyx, 8 
Observations on the dormant phase of tattus, 119 
1 female black bear, 28 Reithrodontomys, 73 
McCarley, W. H Sciurus, 447 | 
Fluctuations and structure of Peromys- Sigmodon, 76, 260 
cus gossypinus populations in easter! Sorex, 36, 430, 583 
Texas, 526 Sturnira, 114 
McClellan, Jim Zapus, 121, 592 
An otter catch on the Gila River i megalophylla, Mormoops, 67 
southwestern New Mexico, 443 megalotis, Micronycteris, 67 ’ 
McEwen, E. H Reithrodontomys, 45, 73, 430 
A sporadic occurrence of an Alaskan fur Melanism 
seal, 444 Lepus, 122 
McKenna, Malcolm Neotoma, 239 
Gray Bull Mammals from the Knight melanophrys, Peromyscus, 75 
Formation in Moffat County, Colorado melanotis, Peromyscus, 75 
581 mephitis, Mephitis, 406 
McNab, Brian K Mephitis (as food), 59 \ 
A new record of Mustela erminea and macroura macroura, Mexico, hab., 71 
Sorex merriami, 430 mephitis, Tex., hab., 406 A 
Measurements meridianus, Meriones, 243 
Alouatta, 117 Meriones calurus, syn., 243 
Artibeus, 114 crassus, comp., 243 n 
Balantiopteryx, 66 erythrourus, comp., 243 N 


Bassariscus, 442 meridianus. comp., 243 
I N 
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persicus, syn., 243 Mirounga angustirostris, Mexico, phys., 


rex, syn., 243 hab., 211; Ore., anat., 129 
shawi, comp., 243 Mississippi, 509 

merriami, Cratogeomys, 72 Mole, hairy-tailed, 107 
Dipodomys, 570 molossa, Tadarida, 435 


Perognathus, 453 Molossidae, anat., 147 
Sorex, 430 Molossus nigricans, Mexico, tax., anat., 7( 
Mesocricetus auratus, hab., 545 Molt. Phoeca,. 218 








mesoleucus, Conepatus, 7! monax, Marmota, 357 
Metabolism, Peromyscus, 55: Monkey, 415 
mexicana, Choeronyeteris. 68. 436. 437 black howler. 101 
Tadarida, 70 Mexic: spider 101 
mexicanus, Citellus, 357 reddish howling, 117 
Macrotus, 67 Montana, 418, 496, 593, 594 
Microtus, 77 Moore. Clifford B 
Natalus, 584 Ways of mammals in fact and fancy 
Panmeeen. 108 Reviewed), 270 
Mexico, 66. 81. 100. 114. 118. 121. 2 958 Moos 105 
433 137. 584, 596, 599 Mormoops n egalophy 1] senic ila. Mexico 
Michig 5, 105, 109, 129, 439, 447, 448 67 
Micromys minutus soricil Englar Morrison, Pets R Fred A. Ryser, and 
hal 16 Robert | Strecker 
M cro ter megaloti mexti¢ Mexi Growtl and the development ot tem- 
67 perature regulation in the tundra 
Microtus, | 12 redback vole, 376 
uwrestis hirtus, England. ha W 16 Morrison-Scott, T. C. 8S 
nexicanu mexicanus Mex ta See Ellermar J. R. and Morrison 
} ” Slant 
wchrogaster, Kan., 45 Mortali 
economu icf I Alas r Bison, 45 
P 76 Castine 452 
pe nnsylvanicu N y nat tas 58 Odobenus, 20 
pennsylvanict pennsylvanicus, N. \ moschatus, Ovibos, 105, 45¢ 
hal 10 Mouse, 448, 449 
yinetorum, Kar 45 Baird pocket, 7 
provect I I n ta 58 big-eared rock, 7 
4 nognatnus Alas ais na diac eare 75 
209 Boyle white-foote 5 
Migratio Dprus! 75 
Choeronycteris, 43¢ deer, 42, 74, 55 
Dicrostonyx, 105 ilvous harvest, 74 
Eschrichtius, 596 Gambel white-footed, 515 
Lemmu 105 Gilbert white-footed, 515 
Lutra, 44: golden, 16, 177 
Ovibos. 105 gopher 260 
Rangifer, 104 grasshopper, 118 
Miller, Gerrit Smith, J gray-cheeked rock, 75 
Biography, 317 harvest, 169, 177, 430 
Miller, Gerrit S., Jr. and David H. Johr house, 77, 177, 509 
Bibliography of Gerrit Smitt ‘lle jumping, 42 
Jr., 329 meadow, 587 
minimus, Eutamias, 105, 357 meadow jumping, 121, 233, 592 


Mink, 49% Mexican white-footed, 102 


Minnesota, 116, 260, 434, 457 Nelson pocket, 4 
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oldfield, 561 
pine, 45 
pocket, 95, 386, 453, 592 
pygmy, 75 
red-backed, 579 
rufescent harvest, 74 
spiny pocket, 73, 101 
volcano, 76 
volcano harvest 
western harvest, 45, 73 
white-footed, 44, 589 
wood, 177, 367 
Movements 
Alees, 105 
Alopex, 105 
Canis, 105 
Citellus, 105 
Cystophora, 105 
Dicrostonyx, 105 
Didelphis, 105 
Lemmus, 105 
Phoea, 105 
Muridae, anat., ta> 425 


Mus musculus, Miss hab anat phys 


509: N. ¥ hab., 103: Tenn., hab., 177 


musculus’ brevirostris Mexico wt 


hab., 77 


Musacchia, X. J 


Cannibalism and other observations of 


captive ground squirrels, 445 
musculus, Baiomys, 75 

Mus, 77, 103, 177, 509 
Muskox, 105, 456 
Mustela ermine 

hab., 430 


erminea stabilis 


muricus Nev distr 

England, 161 

nigripes, Colo., Mont., Net N. M 

N. D., 8. D., Tex., Utah, Wyo., dist 

418; Mont., distr., 593; S. D., dist 

wt., 443, 594 

nivalis nivalis, hal 161 

rixosa, Mont., distr 
vison, Mont., wt., anat 

Mvyocaster 


Myotis austroriparius, comp., 112 


phys., 496 
, distr., 578 


coypus Nev 


cealifornicus, Calif distr hab phys 
par., oo 

keenil, Minn., hab., 434 
lucifugus carissima, Wyo., 


anat., 434 


lucifugus lucifugus, N. Y., anat., gen., 


x 


phys ll]; N. ¥ wt 


432 


phy 8., anat 
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nigricans extremus, Mexico, wt., par 
hab., 10] 

subulatus, Calif., hab., 539 

Mexico, hab., 69 


Wyo., 


velifer velife: 


volans interio1 phys., wt., anat 


434 


Napaeozapus insignis insignis, N. Y., hab 
103 

narica, Nasua, 48, 70, 102 

Nasua narica Ariz 


wt ta) 


distr., anat hab 


narica molaris, Mexico, 70 

narica narica, Mexico, 102 
Natalidae, anat., 147 
Natalus mexicanus 
Nebraska, 418, 429 


Mexico, distr., 584 





nelsoni, Perognathus, 453 


Sciurus, 72 
Neotoma (as food 59, 111 
albigula, Tex., gen., hab., pel., 2 
albigula melas, Tex gen hab pel 
“ov 
alleni elattura, Mex., tax anat 77 
floridana, Kan., 46 
torquata, Mexic« 
Neotomodon 
hab., dist 7¢ 
Nest 


Citellus, 58¢ 


distr., 77 


alstoni alstoni, Mexico, anat 


Cryptotis, 252 


Peromysc 
Sorex, 109 
Zapus, 121 

Nevada, 430, 450, 577, 578 

New Hampshi 

New Mexico, 418, 443, 453 

New York, 103, 111, 122, 197, 482, 452, 579 
587 

Nicholson, A. J 


Food of a beaked whale, 124 





Sciurus, 357, 447 
nigricans, Molossus, 70 
Myotis 10] 
nigripes, Mustela 


niger 


418, 443, 593, 594 

nitratoides Dipodomys, 570 

nivalis, Leptonycteris, 68 
Mustela, 161 

Nocturnal 

Kenneth S 

William G. and Norris 

North America, 357 


Perognathus, 73 
Norris 


> 
(See teeder 


North Atlantic, 123 
North Carolina, 258 
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VIrginianus 


mexicanus 


Odum, Eugene P 


| Fundamentals of ecok 
462 
yeconomus, Microtus, 376 
Ohio, 121, 233, 430, 440 
| Ontario, 105, 129 
Onvchomys (as food 111 
leucogaster longipes 
' anat 118 
Opossum, 39, 66, 105, 406 
black-eared, 100 
i four-eved, 100 
white-eared wooll 100 


Philande: 


129 


opossur 100 
Uregon 
Oryzomys alfaroi dilutior 


couesi aztecus, Mexico 
76 
palustris palustris 
wt 263 


Os clitoridis 


357 


ritellus 


Cynomys, 357 


357 

Glaucomys, 357 
Marmota, 357 

357 


Eutamias 


pciurus, 
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ico ni 


581 


Mexic¢ distr 


anat tax 
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North Dakota, 418 
norvegicus, Rattus, 119, 177, 427, 521 
Notiosorex crawfordi, Colo., distr., i 
food), 110 
novemcinctus Dasypus 78 
nudicaudatus, Tylomys, 101 
Nurser Myotis, 539 
Nutria, 578 
nuttalli, Peromyscus, 16, 177, 526 
Nyctitherium, Colo., foss., distr., 581 
Ochoton princeps Colo hab ger £50 
»chrogaster, Microtus, 45 
Odobenus, Maine, distr., 444 
rosmarus divergens, Alas} ana 20) 
Odocoileus (as food), 59 
hemionus, Minn., distr., 457 
hemionus crooki, Mexico nat 509 
hemionus hemionus, anat., 486 
virgini is, Micl hab 129; Wi 
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Tamias, 357 
Tamiasciurus, 357 
Osteology, Castor, 197 


Ototylomys phyllotis guatemalae, Mexico, 


wt., anat., phys., 102 
Otter, 443 

river, 125 

sea, 595 


Ovarian cycle, Oryzomys, 263 


()vibos 


moschatus, Alaska, anat., phys., 
156; Arctic, hab., distr., 105 
Ovis (as food 60 
Ovulation, Procyon, 440 
Owen, Oliver § 
Merriam’s life zone concept and the 
distribution of certain small mammals 
in central New York, 579 
Paca, 102 
pa Cunk is, 102 
Pacific, 444 
lhata, Alouatta, 101 
pallidus, Antrozous, 111, 539 
palmarum, Funambi 171 





Leopold A Starker 


and 





ling, Wildlife in Alaska, 
16. 
palustris, Orvzomvs. 263 
inat pel 186 
lass., W hab., 107 
Callorhinus, 258 
Lasiurus, 253 
Lepus 158 
Lynx, 458 
Myotis, 539 
Peromyscus, 26, 589 
Raccoor 159 
Sylvilagus, 392 


Parke 


Wesley 


Penne! 


N 

Lawrence R 
445 
Myotis, lil 
40, 110 
Perognathus, 95, 592 
Rangifer, 104 

102 


See ind Parke) 
parryii, Citellus, 
Parturition 
parva, Cryptotis 177, 252 
parvus 
pearyi 
Peceary, collared 
Pelage 
Bassariscus, 57 
Myotis, 111 
Talpidae, 186 
penicillatus 


La 


Perognathus, 453 


Penner ence R 
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4 note on Macracanthorhynchus ingens 
in a Connecticut raccoon, 459 
Dirofilaria scapiceps from snowshoe hare 
in Connecticut, 458 

wrence R. and Wesley N 


. . 
Notoedric mange lil 


Penner, La 


Parke 

the bobeat, Lynx 
rufus, 458 

Pennsylvania, 28, 581 


Microtus, 


108s 


pennsylvanicus 103, 587 


Peradectes, Colo , distr., 581] 


Peratherium, Colo., foss., distr., 581 


food), 59, 111 


Perognathus 


californicus, Hab., 386 

fallax, ha 386 

flavus mexicanus, Mexic« hab , tax 7 
formosus, hab., 386 

longimembris, hab., 386 

merriami gilvus, h 45, 


M aistr 15 


neisonl c 
parvus Calif hab., 592 
parvus yakimensis Wash., anat tax. 
distr., ger rig. desc., 95 
penic is eremicus, hab., 453 

Perom ( nal 5 as food 59, 111 
boylii boylii, Calif., hab., 515 


Mexico. 75 
Mexico, hab., 75 


felinensis 
felipe l 


floridanus, Fla., hab., phys., 260 

gossypinus Tex hab., 526 

leucopus hab., 19: Ihi., pal , 589: Ka 
44: Ten ha 177; Tex., hab., 526 

leucopu I evorace Sis Ka ir 
367: N. } hab., 10 

maniculatu Cali pl W 55, 
Calif., Ka 412; Colo., phys., 118 

maniculat vairdi, phys anat $49 
N. Y., hab., 103 

maniculatus blandus phys anat 44 

maniculatus fulvus, Mexico, tax., ge 
nanicul is gambelii, Calif., hab 15 


maniculatus gracilis, Micl 

N y . h iD., 
maniculatus 
hab . 75 


maniculatus oreas 


103 


labecula Mexico tax 


W ash 


melanophrys 


gen., 448 
melanophr Mexico 


, hab., 75 


melanotis, Mexico, hab , do 


anat 


mexicanus teapensis 
ax., 102 
hab., 


hab 


Mexico, wt., phys 


anat t 
Ker 


16; Ten: 


nuttalli anat., phys., 


177: Tex., 


map, 
hab., 


par 


526 
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polionotus albifrons, 8. C 
gen., hab., 561 
polionotus colemani, 8. C., distr., 


, distr., anat 


anat 


gen., hab., orig. desc., 561 

polionotus lucubrans, 8. C., distr., anat 
gen., hab., orig desc., 561 

polionotus polionotus, § C distr., 
anat., gen., hab., 561 

polionotus rhoadsi, 8S. C., distr., anat 
gen., hab., 561 

polionotus subgriseus, 8S. ( distr 


inat 561 


Calif., 


gen., hab., 
515 


macrotis 


truei gilberti, hab 


Peropteryx macrotis Mexico, 

wt., distr., 100 

Meriones, 

personata, Chilonycteris, 67 

, Carollia, 101 

Liven A. and Elihu D. Berg 

Black footed ferrets used as 

Montana 

Peterson, Randolph L 
(Review yf Haltenorth, Th 
Wildkatzen der Alten Welt 


Ubersicht uber die Untergattung 


persicus 243 
perspicillat 
Peterson, 
ceremonia 


objects by indians, 593 


4 


271 
Phenacolemur, Colo., foss., dis 81 
Phenacomys pilerran, 577 
Phenacomys intermedius celsus Nev 
distr hab., 577 
intermedius intermedius, Cok hal 
wt., 450 
intermedius ungava, Mi s lis 


260 


Philander opossum pallidu 


t r . 
100 

Phoca fasciat Japan hal wt pe 
phys., 218 
groenlandic Japan, hab phys 
218; Labrador, hal 105; \ distr 
Q58 
vitulina, Japan, hab., wt., phys., 218 

Phocoena vomerina, Alaska, wt., I 122 


Phy llostomidae , anat 


147 
phyllotis, Ototylomys, 102 
Pierce, Robert A 

See Gale, Larry R 
Pika, 450 


pinetorum 


ind Pier 


, Microtus, 45 
103 


Pipistrellus subflavus, Mexico 


Pitymys, 
hab 


hab., 434 


433 
subflavus obscurus, Minn., 
hab., 
scalopsoides N. y 


hesperus, Calif 539 


Pitymys 


hab 


pinetorum 


103 
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Pizonyvx vivesi, Mexico, distr., hab anat., R itting behavior of the whitetail deer 
par., 81 Odocoileus virginianus), 129 
Placentation, Peromyscus, 449 Pteronotus davyi fulvus, Mexico, 67, 100 


I 





planirostris Artibeus, 68 Pur 
plicat Balantiopteryx, 66 126 
polionotus, Peromyscus, 56! D is, 243 
Populatio 
Antro s, 539 yuadrimac tus, Gerbillus, 24 
A pode is, 161 Quast, Jay ( 
Bassariscus, 56 Rodent habit preferences on foothill 
( let irlonorl 6] stl Ss in ( l rn 515 
( pt s. 183 
| ptesit S Sh t 
Macrotus, 539 } 2 
Mis ) S it l 120 
Mic f wal 578 


Mvot FQ Raccoon, 71, 126, 406, 439, 440, 459, 578 





Nas {Q nesq Corvnor!t s, 539 
- Reng 
Te , lo ( | oe 
Per S< 183. 52¢ ( is 
Phe ‘ s 45 QO eus, 457 
R } 7 Q hocoe 2 
26 ) 
Sigmo 8 S1 
~*~ fr i 
S . 2 | l e Of) 
R gi fe \ 10 
4 ' “4 
rt tle ‘ 29 \ } 0 
M e. 258 
0 27 
y ¥ sig e Ke 4 | 
i g g aN FA 4 | 
\f ‘ 7 
Ihe re ; ) 
i} geni g 
| ne r { g 
5 ‘ f 
VI | ] 
. } 1f 
at 
ce On 450 “ dus 
ST { 7 
| re I 
{ ) 159: Md ptr ees 
an : ig », 42, 570 
140) é s 78: Of 4) j 
sser ( bing. 10 
106 - 
int cotto 76 
tc } nde Mexi } 2 — 
U i ‘a Pe | 
) Mik pn $59 Fe 
» , - 
yrrovectus, Micro 587 f BO 
Wl f ~ 
i Willi Low Tulare kangaroo, 515 
Aging 1 ne sked shre sore wood, 77 
eus cinereus, Kerr, 35 throated pack, 239 
Notes on a litter of oung masked Rattus (as food), 111 
shrews, 109 norvegicus, anat 127: Ga., distr., 521; 
Notes cn Colorado Phenacomys nd Germany phys hab., 119; Tenn 


pikas, 490 nab Lid 
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rattus, Ga., distr., 521 
rattus alexandrinus, Mexico, tax., 77 
rattus rattus, Tenn., hab., 177 

tatufa indica maxima, India, anat., tax., 
471 

tecord, Odobenus, 444 

Reed, Charles A 
Identity of the Pleistocene mole from 
Gibraltar, 583 

Reeder, William G. and Kenneth 8. Norris 
Distribution, type locality, and habits 
of the fish-eating bat, Pizonyx vivesi, 81 

as food), 59, 111 

Mexico tax 


teithrodontomys 


ch ry sopsis 


ebry Ssopsis 
hab., 74 


fulvescens mustelinus Mexico, tax 
anat 74 
hab., 177 


megalotis, Kan., 45 


humulis, Tenn 


megalotis dychei, Ark., distr., 430 


megalotis saturatus, Mexico, 7: 






sumichrasti sumichrasti, Mexico, tax., 74 
Reproductior 
Myotis, 4 


Peromyscus 24, 260 


eo. 


) 





Procyon, 439 
Ursus, 29 
Vulpes 504 
Reproductive tract 
Funambulus, 471 
Ratufa, 471 
Respiration, Mirounga, 211 
rex, Meriones, 243 
Rhode Is 
Richardsor 


Nevada mammal records, 578 





1d, 585, 587 
Frank 
richardsoni, Citellus, 357 
Ursus. 345 
Ringtail, 406, 442 
ting-tailed cat, 57, 70 
rixosa, Mustela, 594 
Robertson, Ralph 4. and Albert R. Shadle 
Osteologic criteria of age in beavers, 197 
tobertson, R. B 
Of whales and men (Reviewed), 604 
tomerolagus diazi Mexico 78 
toosts 
Choeronyeteris, 436 
Myotis, 539 
Pipistrellus, 433 
Tadarida, 435 
tosevear, D. R 
Checklist and atlas of Nigerian mam 


mals, with a foreword on vegetation 


(Reviewed), 269 


rosmarus, Odobenus, 203 
rotundus, Desmodus, 69, 101, 114, 584 
rubiginosa, Chilonycteris, 67, 584 
rubricatus, Dicrostonyx, 376 
ruficaudus, Eutamias, 357 
rufus, Lynx, 429, 458 
Russell, R. J 
See Davis, W. B. and Russell 
Russell, Robert J 
A multiple catch of Cratogeomys, 121 
Russell, Robert J. and James 8. Findley 
Swimming ability of the grasshopper 
mouse, 118 
Ruth, Ferdinand § 
Wolverine seen in Squaw Valley, ‘ 
fornia, 594 
Rutherford, William H 
4 record of the 
4") 


astutus) in Colorado, 442 


ringtail Sassar 


scus 
ruti 
Rutting. Odocoileus. 129 


t{yser, Fred A 


us, Clethrionomys, 376 


See Morrison, Peter R. et 
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